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Toxicology Summary ‘

Atrazine (2—cnloro—4—ethy1amine—6-isopropylamino—s—triazine]
(see Figure 1) is a chlorotriazine herbicide for season-long
control in corn, sorghum and other crops. It has a low to
mild acute oral (IIXI) and dermal (III) toxicity. fThere are
no acceptable acute inhalation studies with the technicail
that measure the actual exposure and particle size.

Atrazine produces oniy slight dermal (III) irritation,
moderate ocular (II) irritation and is not a dermal
sensitizer,.

There are no acceptable subchronic oral (dog, rat) and dermal
(rat) toxicity studies. The oral oncogenicity (mice only)
study presents no significaat toxicologic concerns. However,
there are tumers in Sprague-Dawley rats and cardiac effects
in dogs.

It was determined that Atrazine has oncogenic potential in
female rats resulting in mammary tumors. This data were
obtained subsequent to the issuance of the United States
Environmental Protection Agency (EPA) Guidance for
Registration of Pesticide Products containing Atrazine,
Novemher 10, 1983 (RS-83). A core-supplementary rat chronic/
oncogenicity study (00059211), noted in RS5-83, 4id not
delineate the oncogenic potential of Atrazine due to poor
survival and intercurrent infection. The new (core-minimum)
rat chronic/oncogenicity study (00141874) democnstrated a
statistically significant treatment-related increased number
of female Sprague-Dawley rats with maligrant mammary tumors
(adenocarcinoma plus carcinosarcoma).

The Toxicology Branch (TB) Peer Review Committea and
U.S.E.P.A. Science Advisory Panel {SAP) agree that atrazine
is a category C cncogen. In addition, the TB Peer Review
Committee is requesting additional studies to determine the
most appropriate method, if any, for determining the
quantitation of risk aue to atrazine (see Issues section for
further detailj. '

There are no toxicologic issues associated with developmental
or reproductive studies.

Arrazine is negative in a battery of mutagenicity tests for
gene mutation, chromosomal aberration and DNA repair.
However, based on published dominant lethal effects, there
may be a concern for heritable germ cell effects.

Atrazine is rapidly metabolized by dechlorination of the
triazine ring and N-dealkylation. Elimination is also rapid
and occurs primarily in the urine and secondarily in the
feces. It does not appear to accumulate in the body.
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B. Toxicology Profile

81 Serj 2 Toxici 1 Irri . Studi
81-1 Acute Oral

Sufficient data are available to shew that technical atrazine
has a low acute oral toxicity in rats (00027097). The acute
oral LDgg for rats was 2,850 mg/kg for males and females
combined. Toxicity Category IIIx

81-2 Acute Dermal

Sufficient data are available to show that technical atrazine
has a low t:oxicity by the dermal route (00024706). The acute
dermal LD 50 for rats is 1869 mg/Xg for males and females
combined. Toxicity Category IIIX.

81-3 Acute Inhalation

Although an acute inhalation Study on the technical (00059213)
indicates that the LC50 for rats is 167 mg/1 (nominal), this
Study had been downgraded to core-invalid since particle size
and actual atmospheric concentration and doses were not
determined as are currently required by the guidelines.
Additional data are required.

81-4 Primary Eyve Irritation

Sufficient data are available to show that technical atrazine
was moderate eye irritant (ACC231466). Toxicity Category III.

81-5 Primary Dermal Irritation

Sufficient data are available to show that technical atrazine
Was not a dermal irritant {00027096). Toxicity Category IV

81-6 Dermal Sensitization

Sufficient data are available to show that technical atrazine
was not a dermal seasitizer (00105131).
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81-7 acute Delaved NeurotoxXicity

No data are available on the acute neurotoxic effects of
Atrazine. This test is required only foi compounds which are
organophocsphate inhibiryrs of cholinesterase, or related to )
such inribitors or meradolites of such “nhibitors. Atrazine is
not an organophosphaie, therefore a study is not required.

32 Seri Subc) ic T .
82-1 Subchronic QOral

There are no satisfactory subchronic oral studies with
atrazine. Studies are not required since there are acceptable
chronic feeding studies in both rats and dogs.

82-2 sSubchronic Dermal (21-day)

No data are available on the subchronic 2l-day dermal toxicity
of Atrazine. A study is required.

82-3 sSubchronic Dermal {(90-day)

There is no subchronic 90-day dermal study. Thi= study is not
required because the existing acceptable end-uses should not
result in repeated human skin contact for extended periods.

82-4 Subchronic Inhalation

There is no subchronic inhalation study. This study is not
required for the registered use patterns.

82-5 Subchronic Neurotoxicitvy

There is no subchronic neurotoxicity study. This study is not
required becanse a acute delayed neurotexicity study is not
required.



83-1 Chronic Toxicity

4
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There is a gore-minimum one-year feeding/oncogenicity study
(40431301) in the beagle dog (4 dogs/sex/group). They were
treated with atrazine in the diet at 0, 15, 150 and 1000 (6
dogs/sex) ppm which resulted in approximate doses of 0, 0.43,
4.97 and 33.65 mg/kg/day for males and 0, 0.48, 4.97 and 31.80
mg/kg/day for females (based on food consumption and body
weight). The no-observable-effect-level (NOEL) was 15 ppm
(0.48 mg/kg/day) and the lowest-effect-level (LEL) was 150 opm
(0.4.97 mg/kg/day) based on: minimal cardiac changes including
dilatation of the right atrium {1 male), thickened atrium with
edema consistent with disseminated arteritis (1 male),
decreased P-II waves (females). At the high dose, toxicolegic
effects due to Atrazine included: mortality; cachexia and
ascites; decreased body weight, weight gain, and food
consumption; electrocardiographic alterations such as irregular
heartbeat, increased heart rate, decreased height of the P-IT
wave, atrial premature complexes and atrial fibrillation;
decreasad serum protein and albumin; moderate to severe cardiac
lesions characterized by atrial dilation, myocardial
degeneration (atrophy, myolysis).

This stucdy satisfies the requirement for a chronic dog
feeding study.

There is a core-minimum two-year feeding/oncogenicity study
(00141874) in the rat (65 rats/sex/group). Rats were treatad
for up to two years with either 0, 10, 70, 500 or 1000 ppm Of
Atrazine technical, which results in approximate doses of o,

.5, 3.5, 25 2r 50 mg/kg/day (calculated using the .05
conversion factor). There were interim sacrifices at 12 ard 1.3
months. The systemic NOEL was 70 ppm (3.5 mg/kg/day). The
sysiemic LEL was 500 ppm (25 mg/kg/day) based on {males anc
females): decreased mean body weight. In addition in the =igh
dose females there was decreased survival: decreased :
hemoglobin, hematocrit and red cell count; increased non-
neoplastic pathclogy (hepatocelliular centrolobular necrosis,
increased myeloid hyperpiasia of the bone marrow). Non-
neoplastic pathology in the high dose males included acinar
hyperplasia of the mammary gland, renal pelvic calcuii ané
prostatic epithelial hyperplasia. Treatment-related neoplastic
pathology was limited to the mammary gland of females. There
was a statistical increase in malignant tumors (adenocarcinoma
pPlus carcinosarcomas) and in mammary tumor bearing animals (see
toxicological issues for more detaill.

This study satisfies the requirement for a chronic rat
feeding study.



83-2 Oncogenicity

See "83-1 chropic toxicity" for comments regarding the 2-year
rat study (90141874). This was a core-minimum study for
oncogenicity.

This study satisfies the requirement for a rat oncogenicity
study.

There is a gore-guideline 91-week oncogenicity study
(40431302) in mice (59-60 mice/sex/group). They were treated
with atrazine in the diet at 0, 10, 300, 1500 or 3000 ppm
which resulted in approximate doses of ¢, 1.4, 38.4, 194.0 or
383.7 mg/kg/day for males and 0, 1.6, -/.9, 246.9 or 482.7
mg/kg/day for f{emales (based on focd consumption and body
weight). The systemic NOEL was 300 ppm (45.0 mg/kg/day). The
LEL was 1500 ppm (225.0 mg,/kg/day) based on: (males and
females) decreased mean body weight gain. 1In addition, cardiac
thrombi were observed in female mice at this dose. There was
no evidence for oncogenic potential due to atrazine in this
study.

This study satisfies the requirement for a mouse oncogenicity
study.

83-3 Teratogenicity

There is a core-minimum rabbit teratology study (00143006,
40566301). Groups of 19 New Zealand White rabbits were treated
by gavage on days 7 through 19 of gestation with 0, 1, 5 or 75
mg/kg/day of atrazine. The maternal toxicity NOEL was ‘1
mg/kg/day and the LEL was 5 mg/kg/day based on statistically
significant reduction in body weight gain for gestational days
14-19 and a statistically significant reduction in food
consumption on gestational days 17 and 1i9. The davelopmental
NOEL was 5 mg/kg/day and the LEL was 75 mc/kg/day based on
increased resorptions, decreased fetal weights anad delayed .
ossification of appendages.

This study satisfied the requirement for a teratology study
in rabbits.

There is a core-minimum rat teratology scudy (00143008,
40566302). Croups of 27 Charles River rats were treated by
gavage on days 6 through 15 of gestation with ¢, 10, 70 or 700
mg/kg/day of atrazine. The maternal toxicity NOEL was 10
mg/kg/day and the LEL was 70 mg/kg/day based on decreased body
weight gain. 1In addition, at 700 mg/kg/day there was increased
mortality, and clinical sings of toxicity along with decreased
food consumption. The developmental NOEL was 10 mg/kg/day and
the LEL was 70 mg/kg/day based on delayed ossification.
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This study satisfied the cequirement sor a teratology study
in- rats.

83-4 Reproduction

There is a core-minimum 2 generation reproduction study in rats

10, S0 or 500 ppm which results in an approximate dose of 30
0.5,°2.5 or 25 mg/kg/day (calculated using the .05 conversion
factor). The Parental systemic NOEL was 50 Ppm (2.5
mg/kg/day) and the LEL was 500 ppm (25 mg/kg/day), based on
decreased body weighLs, body weight gain and food consumption
in ‘both parental males and females throughout the study. The
reproductive NOEL was 10 ppm (0.5 mg/kg/day) and the LEL was 50
ppm (2.5 mg/kg/day) based on decreased body wa2ights of pups in
the second generation at the time of weaning (postnatal day

21.

This study satisfies the requirement for a reproduction study
in rats.



84-2 Mutagenicity Tests
l.,

Gene mutation.

' Atrazine was not mutagenic when tested in S, typhimurium

for point mutation (40246601) or E. coli for reverse
mutation (00161931).

The requirements for gene mutation testing have been
satisfied.

Chromosomal aberration

There is an acceptable micronucleus test (40722301).

When tested in male and female Tif:MAGF,SPF-NMRI-derived
mice there was no evidence of micronucleus formation with
acute doses up to 2250 mg/kg, a level resulting in

death.

Based on published dominant lethal effects, there may be
a concern for heritable germ cell effects (Adler, Mutat.
Res. 74: 77-93, 1980). The Agency has obtained summary
data from the laboratory for this study that indicate a
slight increase in dominant lethal effects at 2000 mg/kg,
suggesting that there may be transmissible genetic
alterations.

Although the minimum testing requirement for this
mutagenicity category has been formally satisfied, a
dominant lethal study is required.

Direct DNA damage or other tests.

Atrazine was tested for DNA repair in primary rat
hepatocytes from Tif;RAIf, SPF rats (00161790, 40246602).
Although there was no evidence of increased repair both
with and without S-9 activation at doses up to 150 ug/ml
this study has been determined to be invalid.

The requirements for direct DNA damage or other testing
have not been satisfied.

The requirements for Mutagenicity testing have not been
satisfied.

10



85-1 Metaholism

Although there are several acceptable metabolism studies
(0080634, 40431304,-5,-6,~9,40437501 there are several issues
concerning the metabolism of atrazine that need to be
addressed: 1) Identification of fecai metabolites in the male
and female rat. 2) Identification of urinary metabolites in
the male rat unless an acceptable rationale can be given that
the male and female produce the same metabolites. 3) An
explanation for the differences between two studies for the
percentage elimination of radioactivity in the urine and feces
urine of female rats given a single oral dose of 10vu mg/kg of
atrazine (70:25 vs. 50:50).

Figure 1 presents the structure of the parent and many of the
pPrimary metabolites for atrazine in rats. Dechlorination of
the triazine ring and N-dealkylation are the major metabolic

pathways for atrazine in rats.

About 95 % of atrazine is eliminated within 7 days following
treatment. The whole body half-life is about 1.3 days.
Elimination is independent of dose and sex. The Primary route
of elimination is urine (about 75 %). The amount eliminated in
the feces was about 20 %.

Distribution of atrazine was dose dependent but independent of
sex. Red blood cells (RBC) appear to store the highest levelsg
radiclabel (through covalent binding of a metabolite).
Atrazine did not appear to accumulate in tissue, except
possibly for the RBC.

The requirements for Metabolism testing have not been
satisfied for the reasons stated above. Additional studies
are required.

85-2 Domestic Animal Safety

Studies for domestic animail safety are not required at this
time.

85-3 Dermal Absorption

There is an Acceptable dermal absorption study (40431308).
Atrazine in 4L formulation is absorbed in relatively small
amounts through the skin. Typical values were 2.90, 0.53 and
0.26 % for 10 hour exposures to doses of 0.01, 0.1 0r 1.0
mg/cm2, Significant quantities remain on/in the skin after
washing with soap and water (24.87, 21.'Y and 10.49 %). No
significant differences in absorption were observed between
the 4L and 80W formulations cested at 1.0 mg/cm2 for 10 hours.

11
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The data indicate that absorption is approaching saturation at
the high dose. The test material which remains on/in the skin
after soap and water wash is considered absorbable. For risk
assessments the percent absorbed is added to the percent on/in
the skin to determine quantity absorbed. However, as noted in
the data evaluation report (DER) it is possible that part the

measured atrazine remaining on/in the skin is an artifact of

the experimental procedure. )

Additional dermal absorption studies aire not required at
this time.

12
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FIGURE I. CHEMICAL NAMES AND STRUCTURES

- —

CHqCH

63400 -
rgrey--ethiaeo-i~ )
ey aEee-rRIY

F'fd v:r on ‘\/

25T AVAILABLE C8P1 ®

H

13-



-

) BR-~-87115
TN FROM MRID NO. 404313-06 LGe7 lct’t' 27 of
v . \6’3‘ 9“\\/
¥ Orm " m
. Ldatro-datinre-G-ian- . Pdirer-t-tydren g
Nz g S g d e ]2 " .

13 — N A L

i o-szm ‘;.\ax °‘;\7
A ote~t-chiare-4-omni- -
Saretiate @\v L4-Coare-S-hyirug-
Ha ) Hg
: 14 ]

16

15 '
| " | co-tenm f L4-Dnre-g-
"2 . Nzl Hs
6 4 .

o .\\Y'

- $-Ghathiore
ASte-t-atyiurire-¢- QAo Contugmie
Q Q. °
M, N N H2 ' ‘

gar

2 2
9 A °'3 19

BEST AVAILABLE CoPY
FIGURE 1. CHEMICAL NAMES AND STRUCTURES (Cont.)

14



-J6937

11
C. Data Gaps

Atrazine is registered for use as an herbicide on food crops
and therefore the following Guideline toxicology studies can be
required for registration.

8l Series

81-1 Acute Oral

81~2 Acute Dermal i
81-3 Acute Inhalation

81-4 Primary Eye Irritation

81~5 Primary Dermal Irritation

81-6 Dermal Sensitization

81-7 Acute Delayed Neurotoxicity (hen)

82~1 Subchronic Oral (rodent, non-rodent)
82~2 Subchronic Dermal (21-day)

82-3 Subchronic Dermal (90-day)

82-4 Subchronic Inhalation

82-5 Subchronic Neurotoxicity

83-1 Chronic Toxicity (rodent, non-rodent)
83-2 Oncogenicity (two species)

83-3 Teratogenicity (two species)

83-4 Reproduction (rat)

84 Serxies Mutadenicity
84-2 Mutagenicity Tests.
1. Gene mutation.
2. Chromosomal aberration
3. Direct DNA damage.
4. Other Tests.
ies
85-1 Metabolism
85-3 Dermal Ahsorption

Based on this assessment of the toxicology data base for
atrazine, the following Guideline toxicology studies have been
identified as data gaps.
81 Series
81-3 Acute Inhalation
hronic T in

82-2 Subchronic Dermal (21-day)

15
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84-2 Mutagenicity Tests.
~hromosomal aberration - dorinent lethal study
Direct DNA damage or other

Based .on this assessment of the toxicology data base, the
following additional studies are required. ’

Oncogenicity Study with the Fischer 344 rat {(83-2).

Comparative metabolism studies comparing Fischer and Sprague-
Dawley female rats (blood and urinary metabolism, blood
kinetics #4d red blood cell binding), and comparisons between
other mamr - lian species (rat hepatocytes).

Hormone/receptor effects studies including evaluation of serum

estrogen, corticostercne, progesterone leveis {including
prolactin if possible).

16
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REfD Reassessment

The RfD, previously referred to as the ADI, of 0.00s
mg/kg/day is based upon the NOEL of ¢.5 mg/kKg/day from the
chronic dog feeding Study and the co-critical study the 2-
generation reproduction study. The uncertainty factor of 100
is used to account for the inter- and intraspecies
differences. 1In addition, the Toxicology Brarich Peer Review
Committee has determined that an additional factor of 10
should be use with the RfD in order to account for the
uncertainty due to the oncogenic potential of atrazine.

The data base includes:

l-year feeding - dog

2-year feeding/oncogenic - rat
2-generation reproduction - rat
teratology - rabbit

teratology - rat

Additional data considered: 91l-week oncogenic - mouse
There are no data gaps for determining the Rfd. This RfD has

been confirmed by the Toxicology Branch and Agency RfD
Committees.

17



E. ‘Toxicological Issues

1. Oncogenicity
Background

Atrazine, although not associated with any serious chronic
toxicity in the mouse is associated with tumors in rats. This
was determined subsequent to issuance of the RS-83. A core-
minimum rat study (0014874) indicated that Atrazine ingesticn was
be associated with an increased incidence of malignant mammary
tumors in female but not male rats.

Criteria contained in the EPA Guidelines [FRS1: 33992-34003,
1986] were considered when conducting a weight ~of-the-evidence
determination of oncogenic potential.

The high dose (1000 ppm - 50 mg/kg/day) reached or exceeded the
adequate dose needed for assessment of oncogenic potential based
on: males - 25 % decrease in body weight gain and non-neoplastic
pathology in males; females - increased mortality, 26 % decrease
in becdy weight gain and non-neoplastic pathology. The 500 ppm
(25 mg/kg/day) dose reached an adequate level based on a decrease
in body weight gain of 17 and 18 % for males and females,
respectively. There was no treatment related systemic toxkicity
at 70 and 10 ppm (3.5 and 0.5 mg/kg/day).

Dietary administration of Atrazine was associated with malignant
mammary tumors in only one species (rat), and only 1 sex
(female). Table 1 presencs the tumor data using effective
proportions (this adjusts for the occurrence of the first tumor).
All statistics were conducted with these values, including the
Peto prevalence since there was a survival disparity. Table 2
presents the tumor data as crude proportions (no adjustment for
occurrence of first tumor). Table 3 presents historical control
values from the testing facility (as crude proportions).

* As can be seen in Table 1, there was a statistically
significant dose-related trend in females for both malignant
and all mammary tumor bearing rats (p <0.01).

= There was also pair-wise significance at the 3.5 and 25
mg/kg/day (p <0.05) and 50 mg/kg/day (p<0.01).

™ As can be seen in Table 2, both malignant and TBA values for
3.5, 25 and 50 mg/kg/day are well outside the range for
historical controls. Low dose values are only slightly outside
the historical control range and probably do not reflect a '
treatment related increase.

Although the 25 and 50 mg/kg/day doses appeared to produce
adequate to excessive toxicity in females, malignant and all
mammary tumor bearing rats were also significantly increased at
3.5 mg/kg/day, without excessive toxicity. There was also an

18
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indication that adenocarcinomas occurred earlier in the high dose
than in controls. At the 13 week sacrifice there were 5 out of
10 rats with this tumor while none occurred in ten controls.

This 'suggests a possible increase in rate of tumor occurrence.
There was also an increase in the proportion of malignant

tumors.

Atrazine was not mutagenic in several acceptable studies (jin
vitro point mutations assays (bacterizl); DNA repair test; and
micronucleus test). Although there are several questicnable
published positive studies the mutagenic Jdata does not, in this
Case affect the oncogenic classification. :

Atrazine is structurally related to several compounds of known
oncogenic potentiail.

Risk Assessment

The Peer Review Committee documents 1 and 2 (dated 3/1/88, ana
7/7/88, respectively) indicated that the above constituted onliy
limited evidence of oncogenicity since “he oncogenic response
was observed only in 1 species (rat) and sex ( female) ard was a
common tumor type (mammary) and classified Atrazine as a

i i . Additional evidence from short-term
tests were not supportive of a higher Classification. They also
concluded that since there was a: 1) possible increase in
proportion of malignancy, 2) structural relationship to other
known oncogens and 3) possible early onset of tumors, the data
warranted quantitative risk assessment using the Q1% derived from
the Weibull model.

On September 7, 1988, Atrazine was presented to the SAP for
consideration of the classification. They agreed with the
conclusions of the TB Peer Review Committee that Atrazine is a
class C oncogen. Although they statzd that the mammary tumors in
Sprague-Dawley rats should be considered as a biologically
significant endpoint, they did not agree that quantification of
risk should be performed.

As a result of reevaluating the classification and quantification
in response to the Scientific Advisory Panal, the Peer Review
(document 3) determined that: .

"the data for Atrazine are not appropriate for quantitative
risk assessment (using the Weibull model). This was because
the tumors occurred only in one sex (female), species (rat) and
strain (Sprague-Dawley). Mammary tumors occur at a variable
rate, with a high background incidence in this strain of rat.
Additional mutagenicity data have lessened the concern for this
endpoint, therefore genotoxicity could not be used to Support
quantification. There appears to be, although not yet
substantiated by dat=z, a hormonal mechanism.®

19
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In addition the Peer Review Committee felt that since the tumors
were of toxicologic concern, the RfD, as used by the Office of
Pesticide Program, was inadequate. It was concluded that until
such time as additional data (see below) was presented to support
an appropriate model for guantitation, an additional uncertainty
factor of 10 should be added to the RfD, which usually has an
uncertainty factor of 100. It was also their intent that, when
other routes of exposure ara2 evaluated for levels of concern,
that the uncertainty facter of 100 be increased by a factor of
10. This would result in a Margin of Exposure level of 1000,
below which there is toxicologic concern for omcogenicity. The
Office of Drinking Water nhas used this additional factor of 10
when determining the Lifetime Health Advisory (LHA) for atrazine
in drinking water.

Data Needed to Reevaluate the :.ppropriate Risk Characterization
Model (taken from the TB Peer Review Document 3)

"The listed studies are currently ongoing, or are in the
planning stages at Ciba-Geiqgy. Preliminary results were
pivotal in the above deliberations of the Peer Review
Committee. Data provided by the completed studies are
necessary for the Ccmmittee to Jetermine the most appropriate
method, if any, for quantifying the risk due to atrazine:

1) Hormone/receptor effects of Atrazine, including serum
estrogen and other endocrine levels (including prolactin if
. possible); ,

2) Compariscn of oncogesnic sotential between Fischer and
Sprague-Dawley fema.2 rats;

3) Comparative metabolism between Fischer and Sprague—Dawle§
female rats, and between cther mammalian species (rat
hepatocytes."

2. Mutagenicity - concern for heritable risk

The minimum requlatory reqguirements for chromosomal aberration
testing have been fulfilled at this time. However, based on the
positive results in a pubi:ished dominant lethal study, there may
be a concern for heritable germ cell effects (Adler, Mutat. Res.
74: 77-93, 1980) from atrzzine exposure. It should be noted
that since these results zre not overwhelmingly positive, they
alone -ould not suggest a high priority concern rfor heritable
risk. However, due to the high potential for human exposure to
atrazine, further examinazion is warranted.

It is requested chat an acceotahle dominant lethal assay with

male mice be performed wi-h atrazine active ingredient. Since it
is the intention to reprocduce the published study's results, it

20
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TABLE 1 Ratel of female mammary tumors in the 2-year Jictary

oncogenicity study in female rats (Atrazine) (Am.Bioger. w¥410-
1102, 4/29/86)

EFEECTIVE PROPORTICONSE

Mammary tumor 0 10 70 500 1000

&adgn2<xuy
20/88(23) 24/65(37) 21/69(30) 21/68(31) 20/89(22)

Malignant34
15/88%*(17) 16/67(24) 27/69*%(3%) 27/53%(40) 45/89**(5])

TEAS 35/88**(40) 40/67(60)  48/69*(70) 48/68*(T71) 65/89%*(73)

NOTE: Significance of trend denoted at control.

Significance of pair-wise camparison with control denoted at Dose level.
* p<0.05; ** p<0.0l (Peto prevalence test)

! Animals with tumor/animals alive after occurrerce of first tumor.

2 Fibroadenoma and/or adenama.

3 A11 adenocarcinoma plus carcinosarcoma-

4 7wo animals in the high dose group had carcinosarcomas.

5 Mammary tumor bearing animals.

is strongly recommended that the registrant discuss their
proposed protccol(s) (e.g. dose selection and range, vehicle,
animal strains) with the OPP.

The Agency has obtained summary data (from the testing
laboratory) for the published study that indicate a siight
increase in dominant lethal effects in mice at 2000 mg/kg. This
suggests that there may be potential transmissible genetic
alterations (see memorandum from Kerry Dearfield to Marion Copley
dated 12/8/88 for additional detail). "There was a low
frequency of fertile matings in the firse mating period (38.€ %
compared to 96 % frequency for controls). However, once
bregnant, females appeared to have a comparable number of corpora
lutea and implants as the controls. There was a slight increase
in dominant lethal mutations in the first 3 mating periods (i.e.
first 12 days mating post-treatment) as evidenced by an increase
in the percent dead implants over controls." This study used
olive oil as the vehicle. In an unacceptakle dominant lethal
study conducted by Cika-Geigy Ltd. in a different strain of mice
(10246603), there was no evidence of dominant lethal effects.
This study remained unacceptable due to the lack of toxicity at
the high dose (1332 mg/kg) despite the collection of additional
information. The vehicle in this study was carboxymethyl
cellulose. This may Le a contributing fzctor to the difference
in the results of these *wo studies.
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TABLE 2

006937

Ratel of female mammary tumors in the 2-year dietary

oncogenicity study in female rats {Atrazine) (Am.Biogen. #410-

1102, 4/29/86)

CRUDE PROPORTICINSS

) DOSE
Mamary tumor 0 10 70 500 1000
Benign? only
20/88(23) 24/69(35) 21/69(30) 21/70(30) 20/89(22)
Malignant3.4
15/88*%{17) 16/69(23) 27/69%(39) 27/70%(39) 45/89%%({51)
TEAS 35/88**(40) 40/695(58) 48/69%(70) 48/70*(69) 65/89**(73)

NOTE: Stars are for reference only,they refer to the previcus table.

TABLE 3

HISTORICAL CONTROLS (273 rats at Am. Biogen. Corp.)

Mammary tumors ~ mean % from 4 studies (range)

BenignZ2 only 36 (31-45)
Malignant3,6 10 (3-19)
TBAS 45 (40-51)

; Animals with tumor type/# examined (percent).

Fibroadenoma and/or adenoma.

Mammary tumor bearing animals.

N U W

All adenocarcinoma plus carcinosarcoma-*
Two animals in the high dose group had carcinosarcomas.

There were no carcinosarcomas in the historical controls.
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19 005937

3. Cardiac Toxicity
Backaround

Atrazine has been shown to produce cardiotoxicity in a 1 year
feeding study in dogs (40431301). At the mid dose of 5.0
mg/kg/day there were minimal cardiac changes including di:atation
of the right atrium (1/4 males), thickened atrium with edema
consistent with disseminated arteritis {1/4 males), decreased P-
II waves (4/4 females). At the high dose (34 mg/kg/day),
cardiotoxic effects included: electrocardiographic alteratlons
such as irregular heartbeat, increased heart rate, decreased
height of the P-I1 wave, atrial premature complexes and atrial
fibrillation; and moderate to severe histopathologic cardiac
iesions characterized by atrial dilation, myocardial degeneration
(atrophy, myolysis). Related signs of toxicity at this dose
included: mortality; cachexia and ascites; decreased body
weight, weight gain, and food consumption; and decreased serum
protein and albumin. Due to the life threatening potential as
evidenced by these cardiac lesions at the high dose, the mid dose
is considered to be the lowest effect level even though the
lesions at this dose were of much lower magnitude and frequency.

Risk Assessment

Thronic dietary exposure is evaluated using the RfD (discussed
2arlier in this chapter) while subchronic applicator risk for
~his toxic endpoint is ewvaluated by a MOS (margin of safety).
The MOS is derived by the following equation:

M0S = NOEL/daily exposure. The NOEL of 0.5 mg/kg/day, is based
on cardiac toxibity in the dog chronic feeding study (40431301)
and the exposure is the actual daily exposure to the applicator
taking dermal absorption into account. While it may be
considered extreme to use an endpoint from a chronic study, it
is deemed appropriate for the following reasons:

1)} An acceptable subchronic dog study is not available.

2) The supplementary 90-day dog study (00163339) that is
available, does not have a NOEL established at the low dose
(5 mg/kg/day) due to decreased bodyweight gain in males.

3) Although there were no histologic cardiac effects observed
in this study, electrocardiography was not conducted. This
parameter appears to be the most sensitive indicator of
cardiotoxicity in the dog.

ntil such time as an appropriate subchronic study is conducted,
the chronic NOEL for the dog should be used for determining the
MOS for cardiotoxicity.

MOSs of less than 100 are considered to bhe of toxicologic
concarn depending upon the number of days of exposure per year.
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F. Toxicology Summary Tables 006937
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TABLE A ) :
GENEKRIC DATA REJUIREMENTS FOR ATRAZINE

buus EPA Have Data - ) Must Add.itional
To Satisty This o Data Be Submitzed . }

. Use  Ruquireawnt? (Yes, ,Ae:plxaqzabhxg Uadetr FIFAA Section
LALA Regaliecent Compcs,tion®/ Patteins®/ No op Partiable) titatyon - 1(:)(2)(8114*~_“
= [ R RO S 1Y B
AUCTE TESTING
8,4 - Acuate QOra. - Rat TGal A b YES Goo27097 NO
372 Rcate Detna. TGA A.B YES 66027097 "o
30 Acate o [ RNV L TGAl Al b HC 1ES
g, i Cye fr.tilion - habuat TGA: A b 1ES ACC231466 NO
31 Cerral lrritation Rabut TGA ! A, b (kS N002109¢ NG
4. < - Lepra. Sensitization -
Guinea Py TGAL Ab YES 00105131 NO
81-7 - Acuate Delayed
Neutrotoxicity - Hen TGAl AL B NO nol/
3UBCHRCONIS G
az-:- - 90-day Feeding - Rodunt TGAL AB NO no?/
Non-rodaent TGAI A.B Ho nod/
42-2 « 2i-Day Dermal - TGAIL A, B NO YES

Ge
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Does EPA Have Data HMust Additional

To Satisfy This Data Bbe Submitted
e Requirement?® {(Ves, - “Bibliographic Under FIFRA- Section
R T Sy LV T T DSt L VAN SRR TSR (TS T VA SIS L)) B2 18020 ERTCIIF VIV LA
So 143 Toxiziiogy lcontinued)
SEET AL ALUITIOMAL STUDIES
Oonccgenicity; Study -
Fischer Jii rat TGAL NO yesht/
Comparat.ve metabol.su - TGARI HG YESLg/
Hornone/receptor etiec s - TGAIL NO YESLA/
1
& Uompasit.on TOAL = Tecnnmical Grade Active Ingredient; PAI = Pure Active Ingredient; PAIRA = Pure Active
tajred:ent, Rad:olase.led, Choice 3 Choice of several test substances determined on a case-by-case basis
W
= Thy sse patterns are coded as follows: A = Terrestrial, Food Crop; B = Terrestrial, Non-fFood; C = Aquatic,
Fso: Crcp. D = Aguat::, Nen-food, E = Greennouse, Food Crop; F » Greenhouse, Non-Food;, G » Forestry, H s
Co<estic Jdutdcos, 1 = Indocr, 1P » Industrial Preservative.
L Un.ess cthesuise specifivd, data must be subn:tted no later then aix months after publication of this §taondagd.
i/ An acute neurotixicity study 1s not required since atrazina 1s not an organophosphate.
2 Th:s regquiremen: 15 waived based on the submission of an acceptable chronic feeding study.
&/ This study 1t . ° rejuired because existiag acceptable end-uses should not result aia tepeated human skin
contact.
v Th:s study 1s not required because existing acceptable end-uses should not result in repeated inhalation
] exposure.
Y This study 1s not reguired because an acute delayed neurotoxicity 1s not required. .
¥/ Although the minimum testing reguirement for this Fitagenicity category has been formally satisfied, a dominant
lethal study (as desceibed in the Toxicology Chapter of this standard) s requiced (due date 12 aonths).
Y The following metabolism data are aeeded: 1) Identification of fecal metabolites ia male aad femasle cats; 2)

fdentilication of urinary metabolites in male rats; 3) justification for the marked diffecrence when cosparing
the peteent radicactivity eliminated in feces and urine 1p two independent studies

266200

9 | | N BEST AVAILABLE CoPY




L1+

006937

6p6° Ti:zdy

eng (eyqtssod jt vridetord Butpnidut) s1eae] euolreirsebhoad ‘av02838031330> 'tabCiise LmiAc maprrrut eyl
“6961 "uer ang - (s831/501vdey 3¥3) seioeds uvorTewwow 18410 uesrlIsc suostaedwod pue C(HUtpUra c-ar reota raz pue
£2110UtY poOTQ ‘witiodvisw LlPUNIn puP POOTN) 8101 8(Pwd) Latnrg anbrads pue 1aursty futied.sn eaprosar eyl
TRET LIFETUED ALer ang

29



~

-

066937

G. Bibliography

00024706  Sachsse, K., and R. Bathe, 1975. Acute Crai LDgg of Technica'
Atrazine (G 30027) in the Rat: Project No. Siss 4569,
(Unpublished study recrived June 2, 1977, under 100-529;
. Prepared by Ciba-Geigy, Lzd., submitied by Ciba-Geigy.
Greensboro, NC; CDL:230303-E).
P
€ 00027096 Reno, R.E. 1375. Final Rerort: Primery Skin Irritation in
Rabbits: Project No. 915-102. (Unpublished study received
April 22, 1976, under 33660-1; prepared by Hazleton Laboratezies
America, Inc., submitted by Industria Prodotti Chemica. S.2.A.:
- Novate Milanese, Italy; CDL:225976-B).

. 00027097 Consultox Laboratories, Limited, 1974. Atrazine: Acute Oral
sg and Dermal Toxicity Evalustion. (Unpublishsd study received
Avril 22, 1976, under 33660-1; sutmitted by Industria PFrodotti
-y Chimica, S.P.A.. Novate Milanese, Italy; CIL:225976-A).

00080634 Bowman, J.S. 1960. Matabolimm Study. (Unpublishad study,
including letter dated July 21, 1350, frcm J.S. Bowman to
Joseph Marrus, received March 15, 1965, under 5F0447;

Preparsd
by Hazleton Laboratories, Inc., submitted by Geigy Chemical
Cotp-' NY, NY: m:omzn) '

———— - . .

00105131  Buzlingham, M.; Young, S.; Ademik, E. (1979) Comparative Skin Sen-
sitization of Technical Atrazine: Project Mo. WIL-1214-78. 3
(Unpublished study xzecaived May 12, 1982 undezr 201-u11; Prepaze

by WIL Regasxrch Labexatories 1Inc.., subsitted by Shell Chemicsl
Cc., dashington, BC: CBL:2487726-A)

03741878 Mayhew, D. (1988) Tusnty-£four Month Combined Chzonic Ozal Toxicity

T~ . anéd Onocgeniocity Study in Rets Utilizin, Atzezine Technical:
’-ﬂ_/’ N

* ','
?v- 60143066 Azt
-

v

~

;

AN

Tuelve Nonth Intezis Repoxt ...: Toxigenics Study 410-1102. Un- §
published study prepazed by Toxigenics, Imne. 580 p.

huz, A. (198%) Segment II Tezatology Study in Rabbits: < -
—_— °gy/Pathology Repoxt Mo. 68-84 r its: Toxicol

- Unpublished st
—-  Ciba-Geigy Corp. 220 p. P study prepared by

$0143008 Infurna, R. (1984) A Texzatology Study of Atzasine Techniecsl in
Chazles River Rats: Toxicology/Patheology Repozt Mo. 60-84. Un-
published study pzepazed by Ciba-Geigy Cezp. 269 p.

001617906 Puri, E. (1984) Autozediographic DNA Repair Test en Rat Hepato-~

cytes: Test Mo. 831171. Unpublished study prepazed by Ciba-
—_— Geigy Ltd. 12 ».

00163339 Tisdel, M.; Hazzxis, D. (1977) 90-Day Subacuts Feeding Study of
—>2

\\\\ Atzranex in Dogs: Final Report: Study No.: T-635. Unpublished

- - study prepared by WARF Institute. 188 p.

30




206937

27

bial Agsays fox Mutsgenicity Testing of Atzasine: Pzojesct XNo.
NRI-79-2884. Unpublished gtudy pzeparsed by Xomura Resesxzch In-
stitute. 16 p.

-3 ( . 00161931 3Suteu, S.; Kimuzs, Y.; Yamamoto., K.; et al. (1979) In vitzo Miczo-

SIS 40246601 Deparade, E. (1986) Atxazsine: Salmonella’/Hanmalisn--Microszome
Mutagenicity Test: Laboratoxy Study Heo. 8§1172. VUnpublished
——— study prepazed by Cibs-Geigy Ltd. 23 p.
“ ” : i, E. €1984) Atresina: Autoradicgraphic DMA Repeixz ZTest on Rat
. H0zn6602 Pu:ﬂa’.tgcytajl Lebozatory Study No. 831171.  Unpublished study
prepazred by Ciba-Geigy Ltd. &8 .
1 40431301 o0’'Connor. D.; MoCozxmick., G.; Gxeen, J. (1387) Chromic Toxicity
= — i Study in Dogs: Atramine Tachnioesl: Laboratory Study Xo. 352008.
Unpublished study prepared by Cidba-Geigy Corp. 1405 p.
_3 40431302 Hazelestts, J.; Gzeen, J. (1987) Oncogenicity Study in Mice: Atza-
it T z2ine Technical: Labozatozy Study No. 822120. Unpublished study
prepaxzed by Ciba-Geigy Cozxp. 3160 p.
q : Mainiero, J.; Youreneff, M.; @iknis, M.: et 2l. (1%87) Tuo-geneza-
40431303 tion ;apzoduction Study in Rats: Atrazine Tachnical: Laboxetory
e Study Ko. 852063. Unpublished study pzepared by Ciba-Geigy
il
Coxp. 1395 p.
Med 13 Y
cS
[
o9
4cu4 3756
D e

40566301 Axthur, A. (1984) A Supplement to a Teratolo '
gy Study of Atzarine
Technical in New Zealand White Rabbits. Unpublishad study
B Prxepazed by Ciba-Geigy Corxpozation. § p,.
a 40566302 1Infurna, R. (1984) 1 Supplemant to a Terxatology Study of Atrazine

Technical in Charles River Rats Unpublighed gt
- . . ud
Ciba-Geigy Corporation. 6 p. Y ’:.pét.d '

7crz22309
31

| 40246683
\ ’ °ol, G. (1981
v } Atrazine:
Xc. 801380, "“P“bli,h,no.in‘nt Lethal Tegt:

P. d study prepazed py cillbox:tozy Study

ba-Geigy rLtd. 1o-



28

g e

L g g v B
G e

006937

32




H.

One Liners

29

33



N8y e e ubiiS e puY

[Srwy2) ourzvnyy/

156

/ Jp 350
0 Igfnansuo ) Tax% paosardd
r~ bn%:!nvxoa £ b qﬂ.vc.“z %
™ e ..q,c_u?..a&;b%k [PYSEE P
L . Calvw Wi c..sb oooY, AV
noo fan k».ﬁ\ .w.u.\:vﬁaucf»ksh
p=9 FUNTCIAN LT A dHe C«ow_w
oyt r\fﬂ "goN pwe LN, 0
oswavp Lybis b St 2OYL g rfoMd
“y \&-Jf; ‘tv &!.\\Mﬁv —-V ‘b_\ﬂ.%ﬁc f.$
Ga.‘_cs. ~ ‘.Hﬁt&\\ !.tn A
¢ o .Sm@! \.&5 “e e widar 3 737 o
LE8906 (050 Yew 5 ) udd cor > TIW BLEET
Kaggrsnest g = (& 05351 75°0)
cgafbem <V v thee ot 4° s
hs%zu ~udosnt vy o€
1.£4909 . .
9214<00
ey hugzyy psuasuon)) €18 OF 00
¢ "y . T g
Ssm!_ g " svmewdio m..c..:...m.?y
L6200 Pl you Ayyang TRV  ((1NKW)
" Ui /// 1Pwymon ~ oy 11/t g9y < Y5l sonczoon .
o et
Liv)00
L 62000 (1ITHW)
LT Al burreytazy woN| 9anLzoo0
($3v%00
416200
L TR #3/% 0502 = 0501 | 26022000
bJ00
CEole
wwiein | ¢ "PPI0U AYy31w0) on “Su/Be 0002 < 0SE) | 26022000
148300
Siton _ A "y y
wjvin | 2 SN pw 03 B wmaesd 9a6m £)31A1IRN[UBS e Aspsede yveuses oIc?
..a‘.fm .3 ........................................ u:auc ................. erneenannn. e
e \8_38:“«

.

U2 LY

Py aoday
I8 Ay rang
UL IETEEYA

Py aoedig
201 Ayting

%& BN 1)
g

Qt\w:‘r f
\m |

ep - Gop-ot

\\
‘_w 4 PV ITY SR
=110 IIm thad vaninh
- HOPIPZIY EEUDS (ML

SE/U/E ont-6168 ttomg
s ny ....._-.._ "He Pl 38
- :...a._ IDIRTY 4 AT .-’ W

/
Qﬂa\\. YZAYA)
204G EON 1 oup femy
SRONTE WOIRI AN Y tepeqeey

M

,_

tesuyoeL

"1°® X546 "YOe) sujTeayy

“1°® %54 "oy aujreY

“q0p S FRIY

AR

- Oyt [y ang

/Y 13966199194 1
‘PI1 Q9 ¥o3nwUe)
e tanyreds ‘
0507 1910 Mnoy”
WY 1396629019 1)
*P1Y QU o) neuUn)
392 :8a(>eds
0501 Jweusg eyryy o

[ 724
PYIININY 10 BINTL Yy
Jqaes cveiserfy

UoL193)42 whe Asemysgf

MotLvied

IV - 90 O WINIWDL



£ S 0 e

006937

$10500 _
eiquideINn |

1.T6700
0iwma
"y

L16200
19490
wwing

15190
A% prms g

{.§ L4900
19/900
ity

ftime
At uams pding

gt
L1 ]

Lo
L9900
Lilhsid

1 pepemy

(.g8200

0%500
L U

518 h1700
I ywnimo)

(12
Ly

............ cearseBee s ms et ens aeg e

*ainsodud peuot $xISSE 03 IjQeun
csSugpul J9¥0) Ou Jact hysbm 255 20 9YY HIIR pabeass 2190 321w 2184

dpeg * 3300 wobs pasrq mbd g4 + 111 *pawdon ‘ol ) o TEON Sl wpoley
coum0 32 SR IO U UDSS AEM §8 SIS PSS JuOW)9I)

80 pinoy sayre Jeyis il B4 UaIs YD S09N05 PAJIRIS U BRRRINN &)
OLIIEER Ul CADRIS Byt Infindsq) s3)eea) (R 51U G0N Ul L) rknivnied
{punp e 'uied <im Agewp sam Apmey * 2300 deiin poveq WM 03¢ ¢ 1)1 INIUB NG
¢ whi g = Yam 1990004 ‘whi 0ot ‘05 ‘01 ‘9 1910A8} sbeveg

N IRISIR pap ¢ W Hirav A 088 RPN WY sktf %t .“ tRaneq
U400 20 « 001ed @7V "{rolipaiabi )3 Un) 1930 11940 paAnap ‘ubal 2y
9 0ire jo Sam queap 20 ‘eumindsotdd caaun) Avpby/fm of v 131 dejaasg
cAvithe/tes € « Tam ‘d0jaang (o3 prog ‘pas g UIFS ‘g

Apogy powpar) cAvptbyifea ¢ ¢ 33Y 1IIDIRY CAPD/BR/B0 § ¢ FION JOVINYY

Arp/Sy/Re gay ‘0 ‘0 1%a%ng

“(unt1e31 11850 Podeqap) By/im gf + 1)1 Jersemingsaag

(a1/01) § v 901w a/y *Ou/fe gy » TIM (P1OBiogandg

‘Cam) Ae/fa aay ar AVO|UDIcw RN C(RIPIN0 §0 iRy I8 W VLE
fin Aen sy, BN 07 o 1)) (eaeaten B9/ 81 o 1IN JRUININ

o “(ssovyy 3e1piny) (Arp/Ry/te 1479) Wi 05y = 1
“thepsbu/tes gy @) oM ) 0 VIN C(Aep/By/Be /N 00°§E/CY (S e
16°) "8Y'0 "D 19 cawrut o) tvageaide) whi guni 9gl 'SI ‘0 1wy eoseq

T{SI)NI) U1 HPEOIYY INIPIES O DRIPIRN
“INN Tg Yt g0 CIN Ao us gL P 552 10 s3p) i gogi v 11) Jjmauds

whl gog o A 21erisAg cmbl o o Yion 10be g ‘wid pont
005t “C0F ‘08 ‘0 208 {aN(EIN)I 12301 A7 10AR2 $3)IPY) UL PAISAT $)3AR)

iyl SERPro M) “Srvndses) 3303052193 € 1R J0) WY Ivnp sod Bes
sen 353y) ‘whl gnni 3 ONS BNAT2325 SHEWI) Ul stom) AsrEeew. JE30Y
v § @b pnol MAIIIIS W) J0) STEOLPERNIE) § STRONOPE W) I3 TeNe jO
jodd og1 9 0ng ‘97 BueA12305 SA|YEI) Jop NPONRIIINI UY BIREIINY) B8 eI
0180 Bsyp shyimyy ‘whi 9 0 101 NiunlloNy ‘i 91 o VION JIUMONID
o Aoy anbewiy §.€3 s wmid 0001 ‘005 '8/ ‘Gl :peIses sv0g

$0218/74 v4Y An powiessy ! <4503 Newuiy ! Asermeyding . el

xr O
0N §

fo-citny

jor 11404
:.ﬁc.. H107
616982

oy o

.__._ Y.

U 816%2

10 1110

20-1590y

fcc ALY

124N
RiT1414

‘oM aIW
0188333¥

£999
10) X4°06 Yot u2ieyy

TG MU RNy

TR0 SR TET RN D)

S
o~

107076 ‘OV110V

“134Rs’ PYY ABLaD. W)

FEIT LT IR Lt

1531 JUYII) WNUIEOP . J1UIbY NN

FUTTINE] Bt LTINE )

LI IR LA IRLERL TINTF A AR o T
e thanvelg

(T INTYR TR S R UITR I L TYNE AT

WA 0w
B0 P00 ey q Abe ) vy
XL A Y BN

At gt 10y

wW/atle v w?

fg e anagaeyg Abeay 1oy
d

{
2798 D'urn ey |
|

1R48) "NV AEn gy

00190 HIY onreny

‘YIN) NAPG WIPNY

Y1) aneeagy

......................................................................................

aneeny .

[ L1 AR T TIN

Alnayesge 0y

FALTF O L I I IA |
000 Ahaany vvpy
LT RN PR 1N
ek § Moy

18108708 000N

gy Al ey

GRTT SERLIFY R Y

SYsue 32 snnshonnyhuiger o

Ml ookt wiy

LS IR LI N TE X T
LYW TR Y 1 3

S8R 2 2vnahe R flauipady

VRIS 22 Taneaay 1RR
194

HOP TR KX 13
pITYN G T ]

LRIL ]

MvEed

[ X0 L A LR TN ]



t 579
st.:..m\

o pihe vy
[-T¥L 1]

crEepla sy

006937

v 154%4p
155m
appwiderry

LilAd
syrwrdorwy

[ fL900
$17900
anridaryy

1.f190Q
M0
g rdesry

(900
216900
S1quadarsy

..a.ﬁub

syghde sy

(wits gy smm
- {t9500
(1109°3) dorsy
by )

(e ) svevn | *1305 )0 djveremnd s05 ‘Beu
Lt .ﬁ% LIb9Q0
- . ...&i'—nv,u 2ohUANn T

01403d099y

Thanqy fepa) peagg s taiam ansary Guien) o) oyl W RO} RIS Sy
topin Benseanyage e Tt re e este | jo satep (9J0 Apewp parexdas wanib
AIeF UYLl B jn Iatjuing M2 PA0D yfnosqp Ajquasedkie *prs any u
RIRI I AL N R LE SUAR L AR 1hauhsy AYL BIMS SR i) ay) camnmivy Jan)e
CARR J GIgIER P )3 1 3Sen pIIStNIUIeY My 19 %56 TV L ICA IR
AL VIR RSN E N1 AN TeNe g0 shipr 1978 §O @)Y JIPY Apey aymps g

Nl 38 O JON

AngRInias PR i ® 5 0) sirockie pupIngie jo

SIUNLIVENS JAEIE A4E JO UNIITPIVD TSI9) UL anjreae Jo) Avayynd
IR snfew sy S0 ung s gAgIRIp. N 1PN MRRRIIPUY Apngs siyy

4 e eIrp Y Py nlas sem 390 A3)PQ arflesdg OjPmIf YD UL FIIE ORI
Y ouiresie Asmiian jo sapew S O UDFIRITIIILAPY § UOIIRTIIINININYD 24y

‘ures ‘Asuinnid ‘Aseac *Asipiy "20A1| "1183 POSIQ PSS 191N RBNSEIY L]
no1 (0] S48 U MmOy S9aa3y Y "apso SuisessIp Ut 'qArp G J0) VIR
Basfm gny 90 230D ¢ o3 posadra S up *sjOPTINE @ §o S JuIeA
.82 ot WPnasy) Apuascdin *autee e jo 98 320yR 1Y oYY 34018 SN
POOYy P22 24 "PAIPNIS SINIET 24D §0 CIIIMNY SISO I8I6) MYiN) OF
FAW JUsUIID TP aq B) TURG) SR YIRS VP BUIIRINE |0 V0T INKG| ISP oy}

19YL SIPenr RINp oW *S3Y O 0§ 23/ 0 19 PAISI) SUatiRirmIo)
ADD 1 1) A 1IN PaAJIUP 2939 VoL EIOSHN VL RININGJIP R ruhing
o CCTAY'DL P® 0112 "29°97) J31en e vos YIIn BUIYSEA J39)8 LIRS

a3 U0 vireas sa1s0 gt ety iviig 2E/6@ §°1 S0 ('O “10°0 j0 Seeep

ny amsedes *sy 0t 0] X 92°0 FUS 5°0 ‘00°2 959 senjeA 1R2dA) Cuiys Syt
Y g STWe JIeWs AJIA119022 U PINIOSQR S UNIIRIMEINS 1Y U) MUiresyY

*{Sxrlm 022} W1wep Bujaws 19A0) @ 03 dn eseop
IR 39 A1930 PRIVRIL 3319 U] (9]MUDIINT §O UBIIINPUS Joj BAjIRBaN

UDIIRALII 3] 1OGRING INOYYIN
PV Y118 410G S1ueire 21wlo 101050 PUIPIIRIY Uf SRPIINIE OF “BAJIvRaN
“UB)IVATIIN INOYLIN/LIN 9101H/BN 0O 9 OS2E EIE ‘9L ‘02 IW pRIes)

‘yi1y 001 4aNYRA jo2iues 1.8 om/m 929)d/80 g0n'0L O O

f0oarm ang) cgddy °g 99105 “yre owsRARs U1 AU O .S.wﬁ:.a. a.u
oa/m 21919780 0005 ‘0002 ‘0001 ‘00C "00L ‘0§ ‘(-1rw ‘Ass) {103 °3
fpereajizmm AJue (Avese 303) 2{)1IGNe g

R . A0 _pe|Ied Jou eiee
TN PUND 1EYI0Y JOASROR 91621093 LYY JOIvesE A IUep)Ae Jou gun
WiEh DIBiYY OIPIY CUSIIEAILIT 4.5 /R SUITNILR (0 1B/EN DLt AN &

‘e ‘271 @3 prsodue o1 *4e3 ‘JIvN S51) Wosp werAs0aedey 19 AsBwisd

...................................
.......

{1482 110V bbmy aone |

10-S/5%0Y

90-51E890Y

<n-tigony

90-£1£509

10-52220Y

10-99920Y
250792

g6 1910
230992

‘oM g1
MO1sS 10V

yi oy ge "y

[Th R IR0 2L )

- M I Y

PP E S ey

(AT 26) "vI) suIre )Y

002012 101 'x2°96
€398 220010 Mireny

10° 08 120019 101 Moy

208 ‘onrerr¢
f NN§ YO mareny

RAARRTR 4

Lo
o

MUy e e
oy ey oy

] YRR R

[T N RS TR}

RIPUNL 000 ey
Y] KBty gy

IRISPING Tpq wev
‘Byy ABeany rey

LN IR TR X 1

R Y]

190141 (anyR aRy

sy Aha tegey

[ XL RN T N2 Y

o pef e (g

/LGS Tovoye
BLAIEGTERIRE (10 )
2w reaprele
Avexw enapIremssim. J1udhe 1Ny

ey

ohresay oo
1) cdsoy ARian e
LARE L, ALA3 RETREL
Qw3 1unhe iy

ALIR IVMY A tw
(uedep) - yeg) Yy ieneay w e
UM et
OIIA 1 ystieyny

saror/e fLpiige

"PIIRG Pl ABisn). ey
seAryeday 10 ‘asyandg
198y 21990 wyun. drunfie )y

LaJEAZRA]

mHuImy . M 0% HINIYNE



006937

15.5900
L
oo

LI
wwu

( £.8900
NIwn
spp ety

1% M08 [

£ YTy 1a0)?

L]

Py

Arons W1199193 ve su Ajue srenhepe ! semase) Ul anyy

R 20 S12AD) pPonjy 1 POUIRIIB) I S0 10QRIIN ° BJ0) AR SULIN
398 €I S0y g9 KIGEN POITUIEE |3 SN ASIAIINOIPES 8Y1 JO X2L - WY _ *£ 900000

Apwamtds “4e0 ays ¢t JUL1RIn J0 DI YRBWAIY BY) DI01S T)1R3 PAS
4y pavsmisr Jmy Sva g MUInRIs JUY JOJ BINNY UBLIPUIBE)I Y] 13§
AL U1 DAICVINILS A1 MURERIIP 2H) 0 XNT INGAR ARaIows S1nY AJtiean
243 MO Y PIIINE N1 JUNIRSIN. DY) J0 YGL Ineeiy assodnd Jaggw. ship ¢

VIRHIR PIINIBEES €1 2600 PAIIISIUIRTR 34D 40 XCA NN JrYY HOS)UA jasnn
R NN 2IESEN0 ST iR 1® Jog CAVD gL 0 gt ey Apong 3ynipr 2y

....................................................................

o 11850

|
_ ,
|

N ab
/M1SS 117V

TR

|
M0 - e e _
|
“
{ FRISIIOL e ey
_ PAY Al e
(Aagmegy e mlg ) gy oo vl
wY MRy I IR
|
Wi MWW LU RRTRD]

MILEr Y $O0 ‘OR MmNy

g
™




34
I. rPig‘e"r Reviews of Atrazine 006937

38




. 006937

1. First Peer Review of Atrazine (3/1/88)

39




FILE LUKT

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

3
(m 3 WASMINGTON. D.C. 20460

006937

SFPICE OF
PERTICIOES amD rORIC By 88Tances

MEMORANDCM

Supject: Peer Review of Atrazine

Troms Judith W. Hauswirth, PBh.D. bk, 4 Wuc&. 3/:/¢F
Section Head, Section VI ¢
Toxicology Branch/HED (TS=769C)

To: Robert Taylor/Clare Grubbs

Product Manager $25
Registration Division (TS=767C)

The Toxicology Branch Peer Review Committee met cn September 10, 1987 ee
discuss and evaluate the weight of the evidence on atrazine, with particular
reference to its oncogenic potential.

A. Individuals in Attendance:

l. Peer Review Committee: (Signatures indicate concurrence with peer
Teview unless ise stated).

Theodore M. Farbsr

willian Burnam

Jochr A, Quest

Zstl £ Rinde

Richard Levy
Zonald Barnee

Sudith W. Hauswirth i, (). Mlecsiorinnt
d
2. Peer Review Committee Members in Absentia: (Committes members who
~ere not able to attend the a'fscuumm signatures indicate concurrence with
tne overall conciusions of the Comittes,) 7——-
Xeto Engler ﬂ CEM&L-/ i
. &
Robert Beliles ! 7%

o - -
Anne Barton e ]
. /7 ’
Ziane Beal 1/4/“ Ll Lrr {_

LBEST AVAILABLE copY.

10




8. Materijal Reviewed: .
W

Hauswirth containing daea evaluation of a rat oncogenicity study, an interim
teport on a IARC r;g Study, statistical analysis of rat mmmary gland tumoe
data, historical control data and Toxicology Sranch “cne-linecrs®.

C. Backcround Information:
sm=cmtmllg ntormation

Atrazine is a selective hezbicide used for Season-long weed ;::on:rol in
corn, sorghum and other CTODS. It is used at the highest rate for RON-
selective weed control in noncropped areas.

The chemical name of atrazine is z-chloro-t-ethylamino-s-isoptcpylamino—s—
triazine. The structure is as follows:
o e -

@
HoC NJ\ NHCH (LU 2

A peer review of the atrazine data was fequested by the Office Director of

OPFP in tmabsenceofammicitydacam«apouible cund
water contamination problem with atrazine. g

D. Evaluation m%icigz Studies:

1. Rat Cncogenicity Study - Ciba Geigy

Ref.: Twenty-four month cambined chronic oral toxicity and oncoegenicity
Study in rats utilizing atrazine technical. Mayhew, pa, Taylor,
CD, Smith, SH and Baras, DA. Conducted by American Biogenics
Corporation for Ciba-Geigy Corp. Study No. 410-1102. Accession
No. 262714-262727. Apeil 29, 1986.

Sbrague-Dawley [Crl:coms CD(SD)BR] rats were started on diets containing
atrazine at 37-38 days age. The dosage levels of atrazine used for the chronic
toxicity and oncogenicity portions of the study were 0, 10, 70, 500 ana 1000 ppm.

Fats per sex per P were used for the chironic toxicity qTep, i.e.
fats used to measure blood parameters a?d Clinjcal chemistries and urinalysis.
Fifty rats per sex per gr were used for the nicity and vere
mi:{ained on diets for zmm. An adn:l‘:'.t1‘.91'!:;.;.“:?3e rats p::q:x? were placed
on control and high dase (1000 ppm) diets for a twelve month interim sacrifice
and another 10 Per sex (control and high dose, 1009 pem} for a 13 month
sacrifice (the 1000 PP® group was placed on control diet for one month prior
Lo sacrifice). The total number of animals/sex in the contzol and HpY geoups was
90 and 70 for the 10, 70, and 500 Pom groups. Histopattnlogy wes performed on al}
animals.

The incidence of relevant necplastic pathology seen in this study can be
found summarized in Table 1.
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Incidence of Relevant Neoplastic Pathology 006937

"Dose (ppm)
0o 10 70 500 1000
Females

Tissue -

Mammary Gland - : ,
fibroadenamal 29/89°*(32)  29/65(45) 3&/70(s1) 39/68(57)  45/88**(51)
fibroadenamal  20/79(25) 24/65(37)  21/69(30) 66(32)  19/75(28)

(only} - = . :
adenamal TL/57(2) 0/51(0) 1/57(2) 1/54(2) 2/50(4)
adenamal (only)-. 1/45(2) 0/43(0) 0/49(0) 0/42(0) 1/33(3)
= adenocarcinoma i e ot
lus : A
- sarcama3 TT15/9077(17)  16/68(23)  27/70%(39) 27/68%(40)  45/90**(50)
_— TBA4 36/9077(40)  40/68(59)  47/70(67) ,A8/68(TL)  65/90%%(72)
—’ A mles Leady e .
\=~l.‘a.v)
R, Testes
interstitial
cell tumor 1/58%(2) 3/59(S) 2/59(3) 2/860(3) 7/64%(11)

Note: Significance of trend denoted at Control.
Significance of pairwise comparison with control denoted at Dose level.
*p<0.05, **p<0.01.

Including animals that may also have a carcinama

ng animals chat may also have a carcinaoma

Two animals in the high dose group had carcincsazcamas.

Total tumor bearing animals - § of animals with at least one type of

mammary tumoc.

Tumors were analyzed by Peto Prevalence since survival differences -
~ere observed in both male and female rats.

The following tumor incidences were statistically significantly elevated

in atrazine treated rats:
1. In femmles:

4. The incidence of fibroadenamas ( including animals that may also :
nave a carcinoma) was increased at the high dose. This increase was associated
with a significant dose-related trend;

b. The incidence of adenocarcinamas {including two rats at tne high
dose with carcincsarcomas) was increased at 70, 500, and 1000 Pem. This
*Ncrease was associated with a significant dose-related trend; and

C. The total number of rats with at least one type of mammary tumor
#as increased at the high dose. This increase was associated with a significant
dose-related trend.

WP e
"
5
£
&
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2- In males, the incidence of testiculir Interstizial cell tumors was
increased at the high dose. This increase was assci.ated with g significane
dose~-related trend (driven by a high dose effect).
' 006937

There were also indjcations of reduced latency of mammary aland
adenocarcinamas, since at the 12 month interim kill there were 0/20 adenocarciomas

in the control group and 6/20 in the high dase group.

The historical control range for fibroadenomas was teported by the
pecforming laboratory to be 36-48%. The incidence of fibroadenamas at the
1igh dose in the atrazine study was Just cutside of the historical control range.
The inzidence of adenocarcinanas was Qutside of the historical control ramge
(3-19%) for all treated groups. The number of animals with mammary gland tumors
of any type was also Qutside of the historical contro} farge (28~51%) for al)
treated groups. The incidence of testicular interstitial cell tumors was
“ithin the historjcal control range (0-12%).

The Committee felt that the MID had heen exceeded in female rats ac 1099 pom
sed upon a statistically significaat increase in mortality, a 26% decrease
in body weight qain at week 13 of the study, and hon-neoplastic pathol
including a Significant increase in centrolébula: necrosis of the uve?gi'm
bone marrow myeloid hyperplasia. The MID wasg feached at 500 pom basaed upon
body weight gain decrement of 18 at week 13 and an increase in bone marrow

In male rats, the MID was exceeded at 1000 ppm bagsed upon a 258 decrease in
body weight Rin at week 13 of the Study which remained at this same percentage
decrement for the remainder of the study. Other non-neoplastic patholegy seen

at 1000 ppm was mamma land acinar hyperplasia kidney pelvic caleulli
i : ryog the prostate atﬁtpdegenération c? muscle. As was

Seen in females, the»m was reached at 500 PPm due a 17% decrease in body

2. Chronic Feeding/Oncogenicity Study in Fischer 344/taTr rats conducted
for IARC:

Since the full report of this Study was not available for the
Committee's review it was not considered in the weight—of-the—evidence for
atrazine.

E. Additional Toxicol Information:
———=—==-2Z%icology Information

1. Mutagenicity:

Atrazine was negative in the following acceotable assays used to
determine mJitagenic potentjiaj. Ames Salmonelia assay, rec assay in
3acillus subtiiis, reverse Mutation in E. coli and unscheduled DNA synthesis

assay in rat hepatacytes.
2. Reproduction and Teratology:
Atrazine is not teratogenic in the rat Or rabbit. 1In the rac, an

increased incidence of runts was seen at all dosage levels (NOEL(IOmg/kg).
In the rabbit, administration of atrazine (75 my/kg) was associated with
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increased resorptions, ceduced fetal weights for both sexes, and increases
in delayed ossification. In an unacceptable 3-generacicn Feproiuction study,
no adverse reproductive effects wars seen ¥e to 1000 ppm, thne nighest doge

testad. )
3. Metabolism: 006937 -

When a single oral dose of ldc-atrazine was given to Long=Evans rats,
52-57% was excreted in the urine and 12-15% in the feces within 48 hours.
Less than 0.1% was excreted in expired Q2. The highest tissue resicdues were -
found in the liver and Kidney. No metabolite identification was done in this

study.
4. Structure Activity Relationship:

Atrazine is structurally related to simazine, cyanazine, propazine,
and terbutryn, the structures of which &re shown below,

" HN“L.?L NuC g ,anw‘l,..’L NGy RGN '”‘f)“ﬂﬂ-i&: Wt “‘l"im);
Simazine Propazine Cyanazine Terbutryn
a. Simazine

Simazine is rapidly metabolized in the tat. Eighty-six percene

of the labelled compound is excreted within 14 in the wine and feces.
Oncogenicity studies are currently underway.

b. Cyanazine

In rats, 89% of labelled cysnazine is eliminated within ¢ days,
42% in urine and 47% in faces. The ma jor metabolic pathways are dechlorination
and deethylation. Cyanazine did not produce chromosomal aberrations in bone
mmcfmiaaﬂdidm:mtcbomictommiu. Adequate
oncogenicity studies the rat are not available; however, a new study in the

rat is presently being conducted.

C. Propazine

Forty-gwo percent of ldc-propazine was eliminated in the urine
and 28% in the feces. Mostly unchanged propazine was found in the feces.
Hydroxypropazine was identified both in urine and feces.

Propezine has been found to be positive for mutagenicity in vy
Chinese hamster cells both with and without metabolic activation. However,
the response was weaker in the peresence of metabolic activation. It was
negative in a nucleus anamaly assay and in a DNA repair assay in rat hepatccytes.

Propazine was negative for oncogenicity in the (D1 mouse but
caused a statistically significant increase in W tumors in female
D rats. Propazine has recently been presented to the ToncoToqy 8ranch Peer
Review Cammittee for classification of oncogenic potential and has tean
clasgified as a category C oncogen. :

44
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d. Terbutryn 006937

. Eighty-five psrcent of ring-laselled 14c-tertutzyn is excreted
within 72 hours in the urine (39%) and feces (46%) of rats. The major
metabolic pathways are desulfuration, N~deethylation ard S~cemsthylation.

. Tetbutryn isnoemutaqmicinmmwamymtm
micrenucleus assay and does not cause chromoscmal aberrations in vivo in
hamsters.

Texrbutryn is negative for oncogenicity in the (D=l muse. Whan
administered in the diet to female Charles River CD rats, terbuteyn induced a
statistically significant increase in combined mammary gl and
adenccarcinemas and in combined Mptmnumm. In
males, terbutryn induced an increase in combined thyroid follicular cell
adencmas i

and carcinomas and in testicular interstitial cell adancmas. The
Toxicology Branch Peer Review Committee has Classified terbutryn as a cataegory

C oncogen.

F. Weiﬁ of Evidence Considerations:

The Committee considersd the following facts regarding the toxicology
data on Atrazine to be of importance in a weight of the evidence determiration

of oncogenic potential.

1. Administration of Atrazine to female Sprague-Davley rats was associsted
with a statistically significant increase in mamary gland fibroadsnomas at
1000 ppm, in mammary gland adenocarcinonas (including two carcincsarcomes at
the HDT) at 70, S00, and 1000 ppm, mdintotalu.aryqlmdmburim
animals at 1000 ppm. Each of these increases was associated with a statistically
significant dose-related trend and was outside of the high end of the historical
control range. In addition, there was evidence for decreased latency for
mammary gland adenocarcincmas at the 12 month interim sacrifice.

2. A statistically significant increase in testicular interstitial cell
tumors was ‘seen in male Sprague=Davley rats at 1000 ppm; however, this increass
was within the historical control r .

3. mmmmuumtﬂlmmmm:doatmdmmm
wmuynimmmmmummmmzy, liver
necrosis, and bone marrow myeloid hyperplasia in the females. The MID was :
machcdinmluadzmusoom.

4. Testing for encogenicity in the mouse is underway but hag not been
completed,

S. Atrazine was negative in three acceptable aszays for mutagenicity.

6. Atrazine was not teratogenic in rats or rabbits and caused no reprod-
wtive toxicity in rats up to 1000 ppm.

7. Complete metabolism studies are not available; however, atrazine has
been shown to be excreted mainly in the urine.
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8. Atrazine is structurally related to simazine, cyanazine, propazine
and terbutryn. Both propazine and terbutryn have been found to induce mammacy
tumors in rats and have been classified as category ¢ oncogens by the Toxicology
Branch Peer Review Committee. In addition, Cyanazine, propazine and terdutryn
have teen found to be negative for oncogenicity in the (D=1 mouse.,

3. (Classification of Oncogenic Potential:

The Committee concluded that the data available for atrazine provided
limited evidence for the oncogenicity of the chemical in rats, According to
£PA Suidelines for Cazrcinogen Risk Assesgsment (CFR, September 24, 1986), the
Commictee classified Atrazine as a Catagory C oncogen (possible human carcinogen).

That is, administration of atrazine to Sprague-Dawley rats was associated with

an increased incidence of mammary gland fibroadanomas and Xenocarcircmas in
female rats. The increase in testicular interstitial cell tumor seen at the high
dose in male rats was not considered to be treatmant-related by the Committee
since the incidence was within the historical control range and was seen at a
dosage level that exceeded the MID. Atrazine hag not shown any mutagenic
activity in any assays availabla to t=e Cammitiee; however, it ig structurally
related to propazine and terbutryn which induce mammary gland tumors in female
rats and have been classified as categery C .

The classification of atrazine as a possible human carcinogen was tantazive
pending receipt of an acceptzble oncogenicity study in the mouss. The Committae
concluded that a quantitative risk assesament should be performed due tc 1)

the induction of malignant marziary gland tumors and possible decreasec latsncy
for their appearance and (2) positive SAR datsa for mammary gland tumers,
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2. Second Peer Review of Atrazine (8/1/88)
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FILE COPY

LA

’ .
[ 2 IR UNITED STATES ENVIRONMENTAL PROTECTION agency 006937
.‘f§ WASHINGTON, D C. 20480 :
" angtt®
~iC | 1956
MEMORANDU™ ' PEETICIORS AND YO Roe SUNSTARCES

Subject: Second Peer Review of Atrazine

From: - Juditkh W. BRauswirth, Ph.D. ; A .
Section Head, Section VI
Toxicology Eranch/HED (TS-769C) 7/7/ 5%

Tos Pobert Taylor/Clare Grubbs
© Product Manager #25
Registration Division (TS~767C)

and

Jude Andreasen
Special Review Branch
Registration Division {TS-767C)

The Toxicology Branch Peer Review Comittee met on June €, 1988 to discuss
and reevaluate the weight of the evidence on the oncogenic potential of
atrazine in light of the results of a recently submitted oncogenicity study
in the mouse,

3, Individuals in Attendance:

1. Peer Review Committee: (Signatures indicate concurrence with peer -

review unless otherwise stated). . ’
Theodore M. Farber M W W
william Burnam Y 2 ;/g"'"’“’

Reto Engler S alin .

Jetm . Quest _Wféi

Esther Rinde ko Pnds

Judith . Hauswirth 954% & evaurctel
Lynnard Slaughter 'f g M =,=5‘&' ”

Ferry Dearfield Z\—{-:v ! f/ —cktf-;!.{f

Richard Levy L ~

BEST AVAILABLE COPY 48




006937

Robert Beliles XMM_

2. Scientific Reviewers: (Non-committee members responsible for
presentation of data; signature indicates technical accuracy of panel report.)

. . VP A ’
Sanford Bigelow A -/
- V4 "4l

3, Peer Review Committee Members in Absentia: (Comnittee members who
were not able to attend the discussion: signatures indicated concurrence with
the overall conclusicns of the Committee.)

. Anne Barton S > - S }:D\g

"Richard #Hill ) il o~

. 4 V4
Diane Beal ' —QL&‘_M___
" Marion Copley m : %

B, Material Reviewed: &

The material available for review conzisted of a package grepared by Dr.
Hauswirth containing a data evaluation report of a mouse oncogenicity study,
a Draft peer review report of the first atrazine meeiing of September 10,
1987, and a review of the available mutagenicity data o atcazine (Dr. K.
Cearfield, memorandum dated April 26, 1988). '

C. Eackground Information:

Atrazine was tentatively classified as a category C oncogen by the
Texicclogy Sranch Peer Review Committee on September 10, 1987 based uron the
results of a chronic toxicity/oncogenicity study in the Sprague-Dawley rat.
Accerding te the report:

.e-ss2dministration of atrazine to Sprague-Dawley rats
was associated with an increased incidence of macmary
gland fibroader.omas and adenocarcinomas in female

rats, The increase in testicular interstitial cell
tumors seen at the high dose in male rats was not
considered to be treatment~related by the Committee
since the incidence was within the histcrical contrcl
range and was seen at a dosace level that exceeded

the MID. Atrazine has not shown any mutagenic activity
in any assays available to the Committee; however, it is
structiurally related to propazine and terbutryn which
induce mammary gland tumors in female rats and have
been classified as category C oncogens.

0. Evaluation of Mouse Oncogenicity Study:

Fef.: Atrazine = technical: 91-week oral carcinogenicity study in mice.
J.R. Eazelette and J. D. Green. <{onducted by Divison of Toxicology

49




006337

Ciba=Seigy Corp., Summit, \J. Study Ne.: 842120. %RID No.
404313~02.

co-1 [Crl: CAl (ICR) ER] mice were placed on diets containing 0, 10, 300,
1500 and 3000 ppn atrazine. The number of mice in each group was as follows:
60 for the control, 300, 1500, and 3000 ppm female groups, 59 for the 10 ppm
female group, 60 for the 10, 300 and 1500 ppm male groups, 59 for the male
control group and 58 for the male 3000 prpm group.

This study has been classified as a Core guideline study with a NOEL of 300
epm (45 mg/kg/day) and a LEL of 1500 ppm (225 mg/kg/day) based upon decreases
of 23.5% and 11t in mean body weight gain found at 91 weeks in male and female
mice, respectively and an increased incidence of cardiac thrombi found in female
mice, Based upon the depression in body weight gain seen in male and female
mice at 1500 and 3000 ppm and increased mortality of female mice at 3000 pom,
adequate dosage levels were tested to determine the oncogenic potential of
atrazine in the mouse. No oncogenic effects were noted at any level that
could be attributed to atrazine.

E. Additional Information:

The registrant submitted a position paper on the availabie mutagenicity
data on atrazine, including studies conducted by the registrant and those
found in the open literaure. This paper was written by Dr. D. Brusick and
was reviewed by Cr, K. Dearfield in Toxicology Branch.

Dr. Dearfield concluded:

It appears from a review of the many atrazine

studies available to OF? from submissions and

through the published literature tha: atrazine

does not induce genotoxic activity in in vitro

studies + mammalian activation systems, However,

there does appear to be genotoxic pctential by .
atrazine as revealed in in vivo studies. )

He noted that further mutagenicity testing on atrazine is required to satisfy
the guideline requirements in this area and that atrazine is a plant activated
promutagen suggesting that testing of isolated plant metabolites be conducted.
Dr. Hauswirth noted that the registrant has informed her that mutagenicity
testing has been conducted on one plant metabolite and that they were about to
subrit this data.

F. Classification of Oncogenic Fotential:

The Committee concluded that the new data presented on atrazine did not
alter their conclusion that atrazine was a category C onccgen and that a
quantification of risk should be performed as outlined in their June 6, 1988
report of the first peer review meeting cn atrazine. The oncogenicity study
in the (C-1 mouse was negative for oncocenicity and the review of the
mutagenicity data tase on atrazine Zid not provide information that would
change this categorization.
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a5 UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

mf’ . WASHINGTON, B.C. 204¢0
mgt®.
-« &2 .t
SEETICIORS Aoﬂ’ﬂ"fcﬁ.l?: LUSETARCES

MEMORANDUM

Subjﬁct! Third Peer Review of Atrazine - Resvaluation Following
: the September 7, 1988 Scientific Advisory Panel Review

From: Marion P. Copley, D.V.M.
: Acting Section Head, Saction 2
Toxicolegy Branch I (IRS), HED (TS~-763C)

To: Robert Tailor (PM 25)
Registration Division (TS~767C)

and
Jude Andreasen (TS-767C)

Special Review
Special Review and Reregistration Division

The Pior Review Committee met on September 29, 1988 to examine
the issues raised by the Scientific Advisory Panel (SAP) with
respect to the classification of the carcinogenicity of Atrazine.

A. Individuals in Attendance:

1. Peer Review Committee: (Signatures indicate concurrence
with the peer review unless othervise stated).

Theodore Farber
William Burnam
Reto Engler

Judith Hauswirth
Marsha van Gemert
Marion Copley
Kerry Dearfield

Esther Rinde

John Quest
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T»Lynnard Slaughter - W S e
" Robert Beliles

2. Reviewers: (Non-committee members Tesponsinle for dats
presentation, signatures indicate technical accuracy of panel
raport) . ;

Marion Copley (Reviawer) 6573,,. ) ¢ 20"
3. Peer Raview Members in Absentic: (Committon m r$ who

ware unable to attend the discussion: signatures indicate

concurrence with the overall conclusions of the Committee.)

Richard Hill o ——
Richard Levy | ’;ﬂup‘ !\ .A__ /
Disne Rasl . ——

B. MaSerial Reviswed:

The SAP response memorandum from the September 7, 1988
ncotinngna reviewed by the Committee (see attachment 1).

C. Considerations:

The Panel agreed with the Committee's overall assessgmont of
the weight of the avidence of Atrazine, classitying it as a
category C oncogen. Although "the Panel believes that mammary
tumors in Sprague-Dawley rats should be considered as a
biologically significant endpoint®, they did not agree that a
quantification of risk should be performed, since 1) the tumsr
site of concern was the mARmArY gland in Sprague-Davwley rats and
2) "the issue was further complicated by the influencse of
secondary factors such as endocrinre imbalance at high, but net
low doses®”,

i1ssues discussed:
Quantification of Risk:

The Committee originally felt (Peer Review Memorandum
dated August 1, 1988) that a quantitative estimation of the
oncogenic potential should be performed because of the occurrence
of primarily malignant Rammary tumors at doses that had few signs
of toxicity.

Upon reevaluation of the data and consi.lering the comments
of the SAP, tha Pesr Reviaw Committee determined that the data
for Atrazine are not appropriate for quantitative risk assessment
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(using the Weibull model). This was because the tumors occurred
only in one sex (female), species (rat) and strain (Sprague-~
Dawley). Mammary tumors occur at a variable rate, with a high
background incidence in this strain of rat. Additional
mutagenicity data have lessened the concern for this endpoint,
therefore genotoxicity could not be used to support
quantification. There appears to be, although not yet
substantiated by data, a hormonal mechanism.

According to preliminary data submitted by the registrant,
there appears to be a hormonal mechanism involved in the
induction of mammary tumors by Atrazine. Information contained
in HED files on other s-triazines, structurally similar to
~--o--Atrazine, - indicates that-they induce tumors only in hormonally =~
sensitive tissues. Additional information discussed at the SAP
meering, but not yet substantiared by actual data, indicates that
female rats produced in the first or second generation of an
Atrazine reproduction study, and continued on diets containing
Atrazine for two years, 4id not have mammary gland tumors at a
higher rate than the corresponding controls. This would also
raise the question of hormonal influence in the production of
mammary gland cumors by Atrazine.

In addition, there are sketchy data, generated by the
registrant, indicating that the Sprague-Dawley rat may metabolize
Atrazine differently than the Fischer rat and humans.

Interim Alternative to the Above Quantification of Risk:

The Committee members fel: that since the mammary tuwmors
were considered a toxicologic concern, the RfD, as used by Office
of Pesticide Program (OPP) was not adequate, therefore they
discussed alternative methods to account for the oncogenic
potential. Until further information is evaluated, see below,
the followiny was agreed upon by the Committee: Use the LHA
(lifetime ecalth advisory) level set by the Office of Drinking
Water {(Oww: .r their Health Advisory for Atrazine (dated August
1988, ate- - «¢ 2) rather than either the Q;* or the RfD. The
ODW methor. <~ “ers from the current OPP policy for determining
allowable diec.ary residues by including an additional
uncertainty factor of 10 when Calculating the lifetime drinking
water hei th advisories (LHA), whi ‘h are otherwise based on the
Reference Dose (RfD), to account -<or possible carcinogenicicy.
The current RfD of 0.00S mg/kg/day, is based on a chronic dog
NOEL of 0.48 mg/kg/day (cardiac effects). The value, afcer
accounting for the additional uncertainty factor, would be 0.0005

mg/kg/day.

It should be noted that, although the Committee did not
endorse a threshold mechanism, rat mammary Zumors were
significantly increased at 3.5 mg,/kgsday (70 ppm} and above, not
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.at 0.5 mg/kg/day (10 ppm}. In addition, in a Sprague-Dawley rat
reproductive study, :the NOEL for reproductive effects was also
0.5 mg/kg/cday (10 ppm). Decreased pup weight was observez
primarily at weaning with the next higher dose (50 pp®m or 2.5
mg/kg/day). However, it could not be determined whether this
effect was due to a maternal effect such as decreased milk
production or direct pup toxicity from Atrazine.

New Data Needed to Reevaluate the Appropriate Risk
Characterization Model

The listed studies are currently ongoing, or are in the
planning stages at Ciba-Geigy. Preliminary results were pivotal
in the above deliberations of the Pear Review Committee. Data
provided by the completed studies are necessary for the Committee
to determine the most appropriate method, if any, for quantifying
the risk due to atrazine:

1) Hormone/receptor effects of Atrazine, including serum
estrogen and other endocrine levels (including prolactin if
possible);

2) Comparison of oncogenic potential between Fischer and
Sprague-Davley female rats:

3) Comparative metabolism between Fischer and Sprague-Dawley
female rats, and between other mammalian species (rat
hepatocytes).

D. conclusions:
The Committee concluded that:
1) Atrazine should be classified as a category C oncogen.

2) The data were not convincing enough for quantitative risk
characterization using the Weibull model.

3} The tumor response was of sufficient concern that the RfD
should not become the default position for expressing long
term risk levels for Atrazine.

Therefore, it was concluded that, until additional data (see
above) are submitted to elucidate the most appropriate method of
risk characterization, there should be an additional uncertainty
factor of 10 added to the RfD to account for the oncogenic
potential when determining allowable exposures to this compound.

The Committee strongly recommends that the registrant
continue to generate data suppcrting a hormonal mechanism and
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gubmit it to the Agency in a timely manner. The Committee also
locks favorably upon the istrant's decisien to conduct an
oncogenicity study in the Pischer rat. This information is
required for the Committae to determine the most appropriate
alternate method of risk determination.

COPLEY\PC6\ATRAZINE\FR3.RSP, 10/7,/38
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FEDERAL INSECTICIDE, FUNGICIDE, AND RODENTICIDE ACT
SCIENTIFIC ADVISORY PANEL
A Set of Scientific Issues Being Considered by the Agency in

Connection with the Peaer Review Clagsification
of Atrazine as a Class C Oncogen

The Federal Insecticide, Fungicide, and Rodenticide Act
(FIFRA) Scientific Advigsory Panel (SAP) has completed review of
2 set of scientiiic issues being considered by the Envirommental
Protection Agency's peer review classification of atrazire
2s a Class C oncogen. The teview was conducted in an open
meeting held in Arlington, Virginia, on September 7, 1984.

All Panel membars, exceot Dr. Thomas W. Clarkson, were present

for the review. ‘

Public notice of the meeting was published in the Federal
Recister on Monday, July 25, 1988.

Oral statements were received from staff of the Environmentzal
Protection Agency and from Dr. James Stephens of Ciba-Geigy
and Dr. Robert Squire of Johns Hopkins University representing

Ciba-Geigy.

In consideration of all matters brought cut during the
meeting and careful review of all documents presented by the
Agency, the Panel unanimously submits the following report.

REPORT OF PANEL RECOMMENDATIONS

Atrazine

The Agency reguested the Panel to focus its attention upon
a scientific issue relating to the Peer Review of atrazine.
There follows the issues and the Panel's response to the issues:

Issue:

Atrazine was classified by the Toxicolegy Branch Peer Review
committee as C (Possible Human Carcinogen), based on: 1) increaseZl
incidence of tumors in one sex (primarily malignant tumors in
ferales); 2) a possible mutagenicity concern and 3) a structure
activity relationship with agents demonstrated to produce
maTrary tumors. The tumors associated with attazine included
mammary fibroadenoma/adenocaccinomas and adenocarcinoma in

female rats.
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1. The Agency reguests any comments the Panel may wish to make
regarding the biological significance of the mammacy tumors

in Sprague-Dawley rat.

"Panel Response:

The Panel believes that mammary tumors in Sprague-Dawley
rats should be considered as a biologically significant endpoint.
As such, one relies not only on statistics to deztermine whether
or not an effect is compound related, but also biological
plausibility. The variadility of this endpoint and its potential
for secondary hormonal influence make this an important issue.

ISSUE:

2. Does the Panel have any specific corments regarding our
overall assessment of the weight of evidence and classification
of this chemical in accordance with the Agency's Guidelines
for Carcinogen Risk Assessment.

Panel Response:

The Panel agrees with the Agency's classification of atrazine
as a category C concogen. We are, however, concerned about
performing quantitative risk assessment (QRA) on the mammary
tumor data. The Sprague-Dawley rat is clearly different from
humans in sensitivity, contrary to an inherent assumption in
QRA. The issue is further complicated by the influence of
secondary factors such as endocrine imbalance at high, but
not low doses. Therefore, the Panel recommends that QRA not

be 3one on atrazine. v
FOR THE CHAIRMAN:

Certified as an accurate report of Findings:

FIFRA Scientific Advisory Panel

Date: 7'/7"’?
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Health Advisory '
Office of Orinking wWater 006937
U.S. Envircamental Protection Ageacy .

INTRODUCTION

The Healeh Advisory (HA) Praogrem, sponsaored by the 0ffice of Orinking
Water (OOW), provides informacion on 2he healzh effacts, analytical mathod-
clogy and treatmead tachnology chat would be useful in desling vith the
contaminatioa of drinking water. Health Advigories descride acarequlacory
concentracions of drinking vater coataminancs &t which adverse healeh effects
would not de anticipated to occur over specific exposurs durations. Health

esergancy 8pills or coantamination situations GoQuUr. They are not ts be
construed as legally enforceable Pederal standards. The EAs are subject to
change 2s new informetion becomes available.

Health Advigories are developed for cae-day, teun-day, longer-term
(approximately 7 years, or 108 of 4n individual’s lifetime) and lifetize

k sstimetes by employing & cancer potency
(unit rigk) value together vith sssumpticas for lifetime expoeure and the
consumption of drinking water. Me cancer Wnit risk 1o usually derived from

the linear multistage model with 958 upper coafidence .imits. This provides
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L. GZNERAL INFORMATICY ANDC PROPERCIES

v

vAS NO. 1912<24-9

Strucsural Formula CI
| N "KN
. ' ] m
N s
L) ‘?‘kNJ\'f'C(CH,),
] M
2<Chloro~4 -othyxmno—c-!.mepyl.m“-l 3, S-eriazine

S’mcn&,

* Aicrex; Atranex; Crisscrina; Crisazine: Farmco Atrazine; Griffex;
Shell Atrazine Herbiclide; Wectal 3C; Gasapria; Prizatol (Meiszer, 1987).

®. Atrazine ower the pASt 30 years has been the oSt heavily ugsed
herbicide ia the 0.8, I i3 used for noaselective weed conerel oa
faduserial or noncropped land and selective weed control in corn,
SOrghius, suger cane, plneapple and certain other plants (Meister.
19€7).

Properties (Meister, 1987, Windholz, 1976)

Qienical Pormula CgH 141ty
Molecular Waigne 21%. 72
Physical Seate Wite, ordorless, cTystalline golid
Boliliag Point (23 en Hg) -
Melting Poiae 178 o 1770¢
Osnsity (20°) 1,187
Vapor Pressure (20°c) 3.0 x 10~7 o g
Water Solubiliey (22°C) 70 sg/L
Log Octanol/Mater Mrticicn 2.33t0 2.7}
Cosfficient
Taste Mireshold -
Cdar Tireshold -~

Coawersion Pecter
Occurrsncs

®* In a monitoring gtudy of Missiseippl River vater, atrazine residues
vere found at & maximum level of 17 ppb; residues wers detected
throughout the year, wvith the highest concentrations found in cure
or July (Yewdy and Twaedy, 1976).

® Atrazine has been found In 6,123 of 10,942 surface witar sac:les
21alyzed and in 143 of 3,208 ground vater samples (STHNET. 1339).

BEST AVAILABLE COPY]

ES)
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Samples were collacted at 1,859 surface water locations and 2,810
ground water locaticas. The 8Seh percentile of all noae-cerc samples
vas 1.3 ug/L in surface vater and 1.9 ug/L ia ground water sources.
The maximum conceacration found ia surface weter was 2,300 ug/L and

in ground water it was 700 ug/L. Atrazine was foound in surface

water of 31 sStates and in grouac vater ir 13 States. Thls Laformazion
is provided to ¥ive & general iapression of the ccourrence of this
chemical in ground and surfaca weters as reported in the STORET
databsse. The individual dacs points retrieved wera used as they
came from STORET and have 20¢ been confirmed ag to. their validiey.

.’O

of the context of the entire sampling ragime, as they are hegs.
Therefore, this informatica can only be used %o form an iapression
of the incensity ard lecation of sampling for » particular chezmical.

Atrazine hag been fmd also in ground vater in Pennsylvania, Iowa,
Nebraska, Wisconsin and Maryland; typical positives were 0.3 to 3 ppb
(Cohen et al., 1968).

Ervironmental Pate
M

An aercbic soil mezaboliss study in Lakeland sandy loam, Hagerstown
silty clay loem, and Wehadkee silt loam soils showed conversion of
atrazine to hydroxyatrasine, aftsr € weeks, to be 38, 40 and 478 of
the amount applied, respectively, (Marris, 1987). Two additionsl
degradates, deisopropylated atraszine and deethyleted atrazine, were
idencified in a sandy loam study (Beynoa et al., 1972).

Hurle and Ribler (1976) studied the effect of wter-holding capacity
on the rate of degradation and found & half-life for atrazine of more
than 123 days, 37 days and 36 days in sandy soil held at 43, 1I%: and
70% water=-holding capacity, respectivaely. ,

In Oekley sandy losm and Nicollet clay loam, atrezine had a half-lifs
of 101 and 167 days (Warnock and leary, 1978).

Carbon dicxide production was generilly slow in several anaerobic
solls: sandy loam, clay loam, loamy sand and 811t loam (Wolf and
Marein, 197%; Goswani and Green, 1972; lavy et ai., 1973).

léc-atrazine was stadle in aerobic ground water ssmples incubated for
1S soaths at 10 or 23¢c in the dark (Weidner, 1974).

Atrasine is modezately to highly sobile in soils ranging in texture
fram clay eo Tavelly sand as determined by soil thin layer chroma-
tography (TIC), column leaching, and adsorptica/desorpeion batch
quilibrium gtudies. Atrazine on solil TLe plates wms Lntermediasely
@obile in loam, sandy clay loam, clay loam, silt loam, eiley clay
loam, and giley clay socils, and ws mobile in sandy loam soils.
Hydroxyatrasine showed a low ®mobility i{n sandy loam and siley clay
loam solls (Helling, 1971).

i
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® Soll adsorption coefficlents for 4LP82ine i ¢ variety of soilz were:
sandy loam (0.68), gravelly sand (1.8), siley clay (5.6), clay loas
(7.9), sandy loam (8.7), siley clay lcam (11.6), and peet (more than
2l) (Weidner, 1974; Lavy 1974; Talbers and Fleetcnall, 1363).

® Soil column studies indicated atrazine Yas mobila ia sard, fine sandy
loeam, silt locen and loams intermedistely anbile in sand, siley clay
loam and sandy loam; low to internediazely mobile ian clay loam (Weidner.
1974; Zavy, 1974 Ivey and Andrews, 1964; Ivey and Andrews, 1965%).

* In a mississippi fisld study, atrazine in sils lo4m soll nad a nalf-
life of less than 30 days (Portnoy, 1978). 1In a loea to siit loaam
soll i= Minnesota, strasine phytotoxic residues persisted for more
than ! year and were detected in the saxizsun-depth samples (30 o
42 incnes) (Darwent &«nd Behrens, 1368). In Mebrasks. physotoxic
residues persisted in silty clay loam and loam soills 16 mentns after
applicaticn of atrazine: they ware found ac dapthe of 12 to 24 Lnches.
But aerazine phyeotoxic residues had a half-life of sbout 20 days in
Alabama fine sandy loam soll, although leaching ey partially accounc
for this value (Buchanan and Hilthold, 1%73).

® Under aquatic field conditiocns, dissipation of atrasine vas due to
leaching and to dilution by irriquticn water, with residuss persisting
for 3 years in soil on the sides and bottome of irrigacion dicches,
to the maximum depch sampled, 67.5 to 90 cm (Smizk et al., 197%).

® Ciba<Geigy (1968) recently submitted commonts on the atrazine Health
Advisory. These comments included a summary of the results of ite
studies on the eavircamental fa:e of atrazine. This summery ladicated
that laboratory degradacica studies showed that atrazine is relatively
stable in the sguatic mediwa under enviroomental pd coaditlons and
indicated that atraszine degraded in soil by photolysis and aicroblal
Processes. The products of degradation are dealkylated sactabolitas,
hydroxyatrazine and nonextractable (bound) residuas. Atrazine and cha
dealkylated metabolites are relatively mobils wherees hydroxyatrazine

is immobile.

? Clba<Gelgy (198%) elso indicated that fleld digsipation studies
conducted ia California, Minnesota and Teanefsee show no leaching of
4trasine and sstabolites below 6 to 12 inches of so0il. The half-
lives of atrasise in soil ranged between 20 to 101 days, except in
Xinnescta where degradation was slow. A forestry deqradation study
coaducted in Oregoa showed no adverse effects on either terrestial or
aquatic enviromments. Also, Bloconcentzration studies have shown low
potential for bicsccummulation with a range of 1S e 77X.

+II. PHARMACOKINETICS

Absorpeion

® Azrazine eppeears to be readily absorbed fram the gastrointestinal
tract of animals. Bakke et al. (1972) administered slngle 8.5%53-ag
doses of ‘%-zinq-labolcd atrazine o rats by gavege. Total fecal
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exczetion after 72 hours wmsg 20. 3% of the adninigseered doze: the

Temaladar wes excrstsd la urine (65.5%) or zecained i Tissuas (15.3%;.
Mis indlegees that at lesse 80% of ehe dose vez absorbed.

.Xhan and Poster (1976) obsarved chat in chickenz zhe hydroxy metabo-

" lices of azraszine accumulate ia the liver, kidney, heart sng lung.

Residues of both 2=chloro and 2-hydrony Soleties wers found in chicken
gizzard, incestine, leg muscle, bresage Mmiscle and abdominagl fat.

Metabolliae

The principel reacticas iavolved in the Sstabolise of atrazine are
desalkylation at the C=¢ 4nd C-6 pogitions of the mliscule. There is

Bakke et al. (1972) administered single 0. $3-ug doses of 14c—zing-
labeled atrazine to £8ts by gavage. Llesce than 0.1% of the label
2ppeared in carbon dicxnide in expired aip. Nost of che cadicactiviey
&8 recovered in the urine (6S5.S5¢ ia 72 nours), iacluding at least 19
radicgctive Compounds. More than 80% of the uriszsry radicectivity -

NSobme and Bar (1987) ideatified five urinary metabolitss of atrazine
ia rats: cthe two @onodealkylated astabolitss of atrvazine, their
carboxy acid derivacives 4nd the fully dealkylated derivative. all
of these sstabolites contalned the 2-chloeze group. The in vitre
studies of Mnuterman and Muecke (1974) also found no evidence for
dechlorinetion of atrazine in the presence of rat liver homogenatss.

Similarly, Rradway and Mosemen (1982) administersd acrazine (30,

S, 0.5 or 0.00S 8g9/day) for 3 days to male Charles River rats and
observed thee the fully dealkylated derivative (2-chloro=4,.6-dlamino-
s-triazine) was the E83jor urinary metadolite, with lesser amouncs of

the tws ®ono-N-dgaliylated derivatives.
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° Erickson et al. (1979) doged Pittman-Moore ainiature pigs By gavage
vith 0.1 g of straszine (80W). The 2830r compounds ideneified in the
urise wars zhe parent compound (atrszine) and deethyleted dtrazing
{vtilch concains the 2-chloro subetizuent).

¢ Hauswizeh (1968) indicated that the rae Zetabolism studles taken
tegether are sufficlent to ghow that in the female res dechlorinacion
of the triazine ring and N~dealkylation are the Zaj60r aetabolic
pathways. Oxidation of the alkyl substicusats 4ppears to be & alnor
4nd secondary metabolic route. The tozal body half-iife .3 approxisately
one and one-nalf days. Atraezine and/or ies metabollizes 4pPear to bind
to red blood cslls. Ovhaer tissue sccusulacion does not appear to eccur.

- * Urine appearr to b& the peineipal route of &trazine excretion in

. animals. Fellowing the adminigeration of 2.3 ng doges of 4C-ring-
ladeled atreine by gavage ©o rats, Baxke et al. (1972) reported that
in 72 hour= mcet of the Fadioactivity (§S.3%) wag excretesd la che
urine, 20.1% was excrated ia tne feces, end less chan 0. 1% appeared
42 cazbon diomide in explred air. Aboue 8S vo 95¢ of the wrisarcy

. radicectivity appeared within the firse 24 hours sfter dosing,

indlcatiang rapid clearaace.

¢ Dautsrman and Muacke (1974) have reported that atrazine antebolites
are conjugated with glutathiocns to yield & marcapturic acid in the
urize. The studies of Poster et 2l. (1979) in chicken liver hoso~-
genates 2lse indicate that atrasine sstabolise involves glutathicne.

® ClbaGeigy (19@) studied the excreticn rate of '4C-qerazine frea
Harlen Sprague<Cavley rats deruelly dosed with atrazine diseclved !a
tetrahydrofuren at levels of 2025, 0.295, 2.5 or &8 ®8g/kg. Urine and
feces were collected from all animels st 2¢-hour lntervals for 144
hours. Resules iadicated that atrazine wag teadlly absorbed, and
within 48 hours mcet of the absorbed dose wes excIeted, mainly in the
urine and to a lesser extent in the fecss. Qmulative excretioa in

urine and feces appsared to be directly proporticaal to the adminigterad
dose, ranging fram S2e 4t the lowest dcee to 20¢ 4% the highest dose.

IV. HEALTH EPPECTS

Humang
L%

smnm muro

® A case of severe ccatact dermatitis wag reported by Schlicher and
Beat (1972) in & 40-year-old farm wrker axposed ts atrazine formu-~
lation. T™he clinical signs were rad, swollem and blistered hands
with hemorrhagic bullae between the fingers. Although it Lg noted
that the exposure of echig patient may have been inclusive %o expogurs
to other chemicals in addition to 4trazine, it ls also noted that
&crazine s & skin irritane in animal studies.
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during mid-season Sxposure to herbdbicides than duriag the off-geason '

(no spraying). These &bsrracicas iancluded o four<€old increese :n

. chromecid gaps and a 23=fold inersese ia chromacid breaks. baring

that there s enhanced chromcsomal repair during ehis peariod of zize

= resuleing in compensatory protsctios. However, thege data may not bhe

Feprescntative of the effect of atraziane since the exposed workers

Short-tern Exposurs

Acute oral LDgy values of 3,000 ®3/kg in rats and 1,750 wy/kg in
®ice have been Feported for technmicsl 4trasine by mstmuris (1974);
the purity of che test compound was ase specified.

Acute oral scudies conducted by Clbe-Gaigy (1989) vith atraszine

. (97% a.1.) reflected the following Lhegs: 1,969 B/kg in ravs and
23,000 ag/kg in mice.

Molnar (1971) reported that when &trazine we adminigtared by gavage
tO rats az 3,000 ag/kg, 6% of the racs died within ¢ hours, and 238

- of those remalalng died within 24 hours. ™e rats that died <ariag
‘the firse day exiBibieed pulssnery sdems with extensive hemorrhagic
. foed, cardige dilation and alcroscopic hemorzhages in the liver and ]
- spleen. Rats thae dled during che secoad day had hemorrhegic brencho-

Paeumonie sad dyserophic changes of the resal tubular sucosa. Reta
s&crificed afeer 24 hours hed cerebrsl odane snd histochemicsl
alteraciocns in the luags, liver and beain. It 1s noced thet che dose
u-uuuum,mam.gzxmu” (Cilba<Geigy, 19es).

Geinee aad Linder (19¢¢) deternined the oral LDgy for adult male and
famale rats to be 737 and 672 mg/kg respaectively and 2,310 sg/kg for
Pips. It is, therefore, hoted that young animals are sore sensitive
t0 atrazine cthan adules. Thig study slso reflected that the dermal
LBgg for adult racs wes higher than 2,500 sy/kg.

9r in gelatin cepsules o Dalaine sheep and dairy cscele {cce animal

per dosage group). Twe doges of 250 59/kg atrazine caused deezh in
both shesp and caztle. Sixteen doses of 100 Bg/kg were lethal =o the
one sheep tested. ae fecropey., degeasrstica and discolozation of the
d4drenal glands and coagestion in luags, lives and kidneys were observed.
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16, 23, %0, 100, 230 or 400 ag/kg/day and o cows az 10, 23, S50, 160

of 230 mg/kg/day. The number of eanimals in sach dosage group was noe
stated, gnd che use of coatrols YR8 86t Llndiceted. Observed effeces
included musculsz Spasms, seileed gaiv and Btance and ancrenia ae all
dose lavels in sheep and sz 2% 8g/kRg ia csselg. Secropey ravealed
eplcardial petechiaze ( Skell hemerrhaegic spots on ehe lining of whe
neare) and congestion of the kidreye. liver and lungs. Effaces
4ppeaced to be dose relaced. & hmt*:h«md«mwrn-uuct lavsl
(LOAEL) of 3 Bg/kg/day ia sheep aad g ab-cblonod-ldntlc-tt:ect Lavel
{NCARL) of 10 &g /kyg/day in cows can be ideatified frem this seudy.

4trazine 2o cats had & hypoteasive sffect, and that & similar dege -a
dogs ws antidiuretic and decreesed serum cholinescerase (ChE) activizy,
5 other detalls of this study ware Teportad. Atrazine ls noe an
organophosphats (OP), therefors, its efface on ChE sy noe be similap
to the mechaniss of ChE fahibizica by OPs.

Dum¥0culu Bffeces

' ° In & primery dermal irricacion test in rats, atrasine at 2,800 mg/kg
produced erythema But no systefic effects (Gaheyoeskiy ee al., 1977y,

® Ciba<Gaigy (1968) indicated that the studies it performed reflected

dernal seasitizatics in Pats but not irritavies in Tabbits® eyes.

long-ecerm l_xm

® Hazelton Laboratoriss (1961) fod serasine eo fale and female rats for

' 2 years at dietary levels of 0, 1, 10 or 100 ppm. Besed cn the
diecary assumptions of Lehman (1989), chess levels correspond to
doses of Spproximstely 0, 0.03, 0.350 op 5.0 mg/kg/day. afrer 6%
“weeks, the 1.0ppm doge wma incressed eo 71,000 P (30 mq/kg/day) for
the ressindsr of che study. Mo treatment-related pathology was found
4t 26 weeks, at 52 weeks, at 2 ysars, or in animals that died and -
vare necropeied duriag the study. Mesults of blood and urine analyses
Yere® uaremaciable. Atrasise had so effects oa the general appearance

pllmm“ehwmmm afrer 20 weeks of traatesnt
4% the 10- gad 160-pgm levels bue nct as 32 weeks. Body welight galns.
fond consumption and survival were similar im all groups for 18 :
"SRehs, but from 18 co 24 Bonths there was high sortalicy dus to
iafections (noe attributed to atrazine) im all gToups, including
controls, which limics che usefulness of this study in detsraining a
NOAEL for the chrosie toricicy of acrazise.

® In a8 2-yesy study by Woodard Research Cozporation (1984), acrszine
(80W formulation) was fed o aale and femals bsagle dogs for 105
“saks at distary levels of 0, 18, 150 or 1,%00 piB. Besed om the
dievary fasumpeions of Lehman ( 195%), these lavels cocrespoad to
doses of 0, 0.35, 3.5 op 33 sg/kg/day. Survival taces, body walghe
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98in, food imeake, behawiar, appearancs, hemaeologic findings,
urinelyses, organ wighes and hiseelegic changes were notad. The
1Soppm dosage (0.3 B3/kg/day) produced ne toxicity, bue che 1500
dosags (3.8 Bg/Rg/day) caused g decrease ln fond latake ag w3ll ae
iacrsesed hesre and liver “Bighe in Pemaleg. in ehe group teceliviag
1,300 pem (35 sg/kg/day) acrazine, there ware decrasses in foed
intaks gnd body wmighe gainm, an ingrsase i ddrenal weighe, a
decrease in heBsatosrit sad occaslional etremors ap 8tiffness in eng
rear liabs. Thers ware ao differences tBpng the differsnc groups in
the histoleqy of =ne efgans studied. Based oa these results, g WOAEL

n’-

In & study by Cha-Galgy (1987h) veiayg cechnical avrazine (97% ai.;,
siz-moneh~nld beagle dogs were assiqned Fandomly te four dosage
gEoupss 0, 135, 150 and 1,000 ppm. These doses corzespond to sesusl

~ 4verage intake of 0, 0.48, 4.97 and 33.6%733. 8 (anle/famale) ag/Rg/day.
- 8in animals/sen/group were 4ssigned to the coasrol ang bigh dose groups
. and foup mhala/nz/gtoup YOrs aasigned to the lowe and mid-doge

walight gains and food consulipeion were Boted at the high-doge lawal,
»suu-ucuxy elgnificane {(p <0.03) zeduceions in erytiroid parsmecers
(red coll coune. hemoglobla and husatosrie) in high-dose males wers
noted chroughons the study as well as mild laceesses in platslse
cnts in both sexes. 3lighe decreasss ia total protein and slbunin
i € 0.93%) wvare noved in high-dose males 48 wall 28 decreased calelum

a8 this study was refleceed in whe Righ-dose animals of both sexes
48 discrete aycasdisl degeneracica. Cliniesl signs 2ssocleted wien
cardiae pachology such ag ascites, cachenia, labored/shal lew breaching

ippearsd to be effeceed with the cardiae syndrame but to a much lezsser
d83ves in the incensicy of the aoted responses. Therefors, the LOAEL
ia ehis study is 4.97 Bg/kRg/day and the HOARL is G.48 &g/kg/day.

A two ysar chroaic t-oﬂng/oncoqanicity study (Ciba-Geigy, 1988) BB
Fetsnlly evalusced by the Ageacy. 1In this study, technical atrazine
(98.98 3.1.) wag fed eo 37 vo 38 days-old Sprague-Davley rats. e
dosage levels used were 0, 10, 70, 3006 or 1,00¢ PP®, squivalent to

Paramecers and climiecagl chemiseriss and urinalysis. Fifey rats per
3ex per goup were #aintained on the trasted and coasrol diees for

24 monehs. Aan additional 10 racs Per sex were placed om conerol and
high dese (1,000 PP®) diets for a twelve Bonth interim sacrifice and
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" amother 10 per sex (coatrol and high dese, 1,000 ppm) for a 13 monex

: sacrifice (che 1,000 ppm group was placed om consrel diet €5z sna son=n

- prier ro sacrifice). The total number of animsls/sex in the control

and HOT groups was % and 70 for the 10, 70 and S00 ppm JroupR. Histo-
patholegy wms performsd on all anizmals. Ac che sid- sad high~dass,
thers wvas & decrsase ia =sen Body weights of males and femsles.

- Survivel wes decreased in high-dose femsles but lncressed ia high-~dose

neles. Thers vers decresses La orgRa-to-body waight ratics ia high-dose

- animals, which were probebly the resule of body walght descreeses.

Hyperplastlic changes in high-doee males (asmmary gland, bladder and
Prastats) and females (ayslolid tlssue of beas 2arrow and tramsitionsa)
epithelius of the kidney) ware of questionable tomicelogic imporsance.

There was an ‘ncresse in reelsnal degeneration and ln centrolobular

necresis of the liver ia high-dows females and an lacreass 2a

- degenerstion of the rectus femoris suscle in high=dose males and

fesnles when compared to controls. Besed ca decressed body wesignsz
gaia, the LOAEL for noa-oncogenic activities ia both sexes s

23 mg/Rg/day and the MORRL is 3.8 ag/kg/day. However, oncegenlc
aceivities ware noted at 3.8 ag/kgsday (78 pegm) and above as reflacted
in the lacressed lacidence of semmary gland tumors in females.

A recant 91-week oral fsedling/oncogenicicy study in mice by Ciba-

Gelgy (1987¢) has bsen evalusted by the Agmmey. In ethis scudy,

acrazine (97% al.) was fed to five-wseks-old ChD-1 gerain of miece,
wvelighliag 21.0/26.8 grams (female/malel. e mics wers eandamly
assigned to five aeuperimsnctal E@oups of approninately €0 amimsls/sax/
gresp. The dosege tested ware 0, 16, 300, 7,300 asd 3,000 ppm;s these
dosages correspond to actusl =san daily incake of 1.4, 3848, 19.0 and
31835, 7 mg/Rg/day for males, and 1.6, 47.9, 266.9 and ¢&3.7 ®8g/kg/day

for females. This study shows that thers are dose-related effects

az 1,300 ppm or 3,000 ppm atrazine:s am incresss in cardiac thrembl,

a deczesss ln the =maen body welght oalsn at 12 and 29 waeks during she
study, and decreases 1o srythrocyts comat, hesatocrit and namoglootn
concentration. Cardlec thrombi costsilutsd to the dearhs of the

group of mice that did not survive to cermimsl ssceifice. The LOAEL

iz sz at 1,300 ppm besed upoe dacresses of 23.9% snd 11.0% in mean
body waight guin found at 91 weeks in male and ‘emale sice, respectively.
Also, an incresse in the incidence of cardiae thrombi is foupd in
female aice im the 1,300 ppm exposure fEoup. ne of vhe a*.. v affecets
are found at 300 ppm, thus the HOASL is sec az 300 pgm (cozzasponding
&5 384 sg/kg/day in males and 47.9 Bg/kg/day for femalas).

Reproductive Bffects

A thres-generation study on the effeces of atrazine on reproduct lon

in rets wms conducted by Woodard RMmssareh Corporatics (1963). Groups
of 10 aales and 20 females recelved acrasine (80W) at dietazry levels
of 0, 50 or 100 ppm. Based on the dietary sssusptions thaw 1 ppm 4n
the diet of rats is equivalenz to 0.08 sg kg/day (Lehman, 1939), Shese
levels correspend to doges of spproximactely 0, 2.5 or § ag kg/day.
Two litters wers producsed per generatics bue parental animals were
chosen fram the second litter after wesanlngy for sach generatlion.
Young rats were @saintained on the tesz diets for approximatsly ten
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vesks in each generation. The third generation PuUpS ware sacrificed
after weaning. It i3 noted =hae the parental animsle of the firse
Jeneration were fed only hal? of che dletary atrazine levels for zre
firat ] weeks of exposure. There were no adverse effects of &trazine
oR rsproduction observed during the course of the three-generation
study. A MOARL of 100 PPR (S mg/kg/day) vas idencified for enig
study. However, the usefulaess of this study i3 limited fue mo the

alceration of the utrazine coatent of the dise during laportant
JMLuracion pericds of the necnates.

wlla

A recent two-generations study in rats by ClbaGelgy (1387a) was
conducted using che 97% ai. zachnical atrazine. Young rats, 47 zo
48 days old were aaincained sa the control and test dlers for 10
weeks before mating. The soncantrations used wers 9, 18, S0 and

500 ppm (equivelent zo 0, 0.5, 2.5 and 28 Bqg/kg/day using Lahman ,
conversion factor, 1959). Wmizey cn&nls/tnx/q:enp ware used in gach
generations one litter ws produced per generation. The level tested
had no eaffece oa sortalicy i either generatios. Body waight and
body weight galns wvere significantly depressed {p <0.035}) aec the
highest dosar however., food coasmption wes alse decraised &t this
high-~dose level in parental meles and females duriag the premacing
period and for the first generation females (24) on days 0 to 7 of
gestation. Mo higtopathological effects ware notad nor other effects
vere noted during gross necropsy in eithaer perental guneration with
the exceptiocn of increased testes relative weight ia boeh generationa
4t the high doge. In pups of both generatica, Sigaificant reduction
(p <0.05) in body weight was noted; however, this effac: was only
doge-related in the second generation (P2) at both the mid- andg
high-doge lewels oca postnatal day 21. Tharefore, sster=sl toexicizy

NOARL is 2.5 Bg/kg/day: the reproductize LOARL is 2.8 sg/kg/day
(reduced pup weighe in F; generation ca postnatal day 21) and the
NQOARL !s 0.3 s8g/kg/day.

cevelopmentsl Effects

¢ In the three-gensratica reproduction study in rats conductad
Woodsrd Masearch Corporation {1966) (described ehove), atraszine at

diezary levels of S0 or 109 PO (2.5 or S mg/kg/day) resulted ia no
observed higeslegic changes ia the weanlinge ead sc effects oce fetal

resorpeioa. b melformatione were cbserved, and weanling organ
weights were similar 1n controls and atrazina=resated animals.

» & WOARL of 100 ppm 3 89/kg/day) was also {dentified for
developmental effects !n this study. Hovewer, the usefulness of chis
stuly is limited due to an ulteration of the &trazine coatent of the
diet during imporzant saturstion pericds of the necnates.

Atrazine w3 sdminigtered erally to pregnant rats cs Festation days

6 co 15 ae 0, 100, $09 or 1,030 aq/kg (Ciba<Geigy, 1971). The two Nizner
dosas increased the number of mbryonic and fetal deatks., decreased

the asan weights of the fetuses and retazded the sksletal development. -
No toratogenic effects were obeerv.d. The highest doze (1,000 Bg/kg;
regsulted ia 23% maternal sortallity and various toxic sywptoms. The

100 msq/kg dose had no effect sn alther dams or sabryos and ls therefsare
the matermnal and fstotoxic NGARL n thig study.
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¢ In a study by Ciba<Gelgy (1 9842), Charles River FALS received atrazine
(97%) by gavage on gestation days 6 to '3 at dose levels or o, 10, 70,
ar 700 Ag/kg/day- Excessive maternal moreality (21/27) was roted gc

700 Rg/kg/day, but no Sortality was noted ac the lower doges; also
reduced weligne gains and food consumption were noted at both 70 and
700 ag/xg/dny. Qavelopmantal toxicity was alse present at these dose
levels. reocal veights were severely reducsed az 700 "y/kg/day; delays

runting was noted at 10 ng/kq/day and above. The NOAEL for maternsl
toxicity appears to be 10 Rg/kg/day, however, this is also the LCABL

for developmental effects.

* MNaw Zaaland white Tabblits received atrazine ( $6%) by gavage on Sestation
days 7 chrough 19 ae dose levels of 0, 1, § oF 75 mg/k9/day (Ciba<Geigy,
(1984b). Maternal toxicity, evidenced by decroased body velight gains
and lood‘eouupuou. Was preaant in the mide 4nd high-doge groupe.
Developmental toxicity was demenstrated only atc 78 8g/%q/day by ar
increased resorption rate, reduced fetal woights, and delays in
ossification. i taratogenic effects were iadicsted. The NCARZL

4ppears to be 1 =g/ Rg/day.

® Peters and Cook (1973) feq atrazine to pregnant raes ( four/group)
et levels of 0, 30, 100, 200, 300, 400, 500 or 1,000 ppm in the diec
throughout gestacion. Bagsed on an assumed body weighe of 300 ¢ and
a daily food consumption of 12 ¢ (Arzingeon, 1972), these levels
correspond to dpproxisately 0, 2, 4, 8, 12, 16, 20 or 40 Bq/kg/day.
The number of PUps per litter ws eimilar ia all groups, and there
were no differsaces in weanling veights. mig study identified o
NOARL of 40 aq/kg/day for developmental effects. In another phase of
this study, the authors demonstrated that subcutaneous (sc) injections

of 50, 100 or 200 Bg/kg atrasgine on gestation days 3, 6 and 9 had no
effoct ca the liteer size, while doses of 1800 89/kg were embryotoxic.
Therefore, a WOARL of 200 mq/kg by the sc ctoute was {dentified for

embryotoxicity.

Huta cie

¢ logpriesc st al. (1965) reported that siagle dogces of atrazine
(1,000 ag/kg ar 2,000 ng/Rg, route not Specified) produced bone marrow
chromoeomel sberrations in the scuse. ¥ ocher details of this study
vere provided.

¢ Muraik and msh (1977) Feported that feeding 0.01% atraszine to male
aster larvae significantly increased the rate of
%‘t and sex-linked recessive lethel mutaticas. They stated,
however, thag dosinant lethal induction and Penetic damage say not be
directly related.

® Adler (1980) reviewed unpublished work on atrazine mitagenicicy
carried out by che Environmental Research Programme of the Commissioa
of the Buropean Communitcies. Mutagenic activity wes not induced even
vhen zmmsslian liver enzyres (3-9) were used; however, the use of
plant aicrogscass producad positive results.

Algo, in in vivo studies
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in aice, atrazine induced dominant letngl mitationg andg incresased cne
frequency of chrometid breaks in bone SArrow. Hence, the authoe
Suggested that activation of atrazine in mammals acecurs independently
of the liver, possibly in the acidic pare of the secmach.

ol Je

* As dascribed previcusly, Yoder et al. (1973) seudied chromoacas)
aberracions in the lysphocyte cultures of farm workers exposed co
varicus pesticides including atresine. During aid-seasen a 4-€old
-ncrease in chromatid Jape and & 23-fold increase in chrosatid breaka
8% observed. Ouring the off-geanca §.7- Spraying), the number of
Japs and bresks was lower than 1ia centrols, suggesting to the authors
that there is enhanced chromosomal repair during che unsxpoged pericd.

* Rscently, Spencer (1987) and Onarfleid (1988) evaluated several ia
vitro and i vive sutagenicity studies on atrazine that ware Tecsantly
submitted to the U.S. EPA by Ciba-Geigy. They acted that most of
these studies wmre inadequate with the exception of the tollowing

three tests: & Salmene la assay: an B. coli reversion as8ay; and
Host-Medlated assay. The firsc cws 48says wers aegative for mitagenic
effects; the results of the thizrd assay were equivoecal.

® Ciba-Geigy (1988) L{ndicated that Brusick (19¢7) evaluated atrazine
satage